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FLYING-FISH FLIGHT, AND AN UNFIXED LAW OF 

NATURE 

C. D. DURNFORD 

The controversy amongst naturalists as to whether flying-fish 
do or do not flap their wings in flight has become so one-sided as 
almost to represent extinction — as a controversy. 

It is desirable, if possible, to revive it a little, by carrying the 
argument into new ground: first, because the one side which is 
at present believed in would appear to be the wrong one; and, 
secondly, because it seems to have escaped the notice of the other 
that this is capable of proof. 

The arguments, if they may be so called, hitherto in use are 
simple assertion and denial, and may be summed up into: — 

"Flying-fish do fly, moving their wings with extreme rapidity. 
I have carefully and frequently watched them and there can be 
no doubt whatever about it." 

And the converse: — 

"Flying-fish do not flap their wings, but use them as aeroplanes, 
like swallows when in skimmmg or sailing flight. I have carefully 
and frequently watched them, and there can be no doubt whatever 
about it." 

Somewhat similar remarks will be heard in any ordinary group 
of ship's passengers watching the fish. Some will insist that they 
see the wings flapping, and some will aver that they are quite still. 
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But among scientists wing-flapping is undoubtedly very much 
the under dog and the carefully written paper by Captain Barrett- 
Hamilton (Ann, Mag. Nat. Hist., ser. 7, vol. 11, p. 389, 1903), also 
a convinced aeroplanist, perhaps expresses current opinion as well 
as may be; and even Professor Whitman (Amer. Naiuraiist, vol. 
14, p. 641, 1880), who insists that he has seen "distinctly the indi- 
vidual flaps of the large pectorals," adds that this flapping "may 
be continued for the whole or part of the flight, but it is generally 
discontinued after the iBrst few rods, and the course continued by 
a pure skimming or sailing movement" — thus showing that he, 
too, believes in the possibility of the aeroplane flight. 

Proof that such flight by any known species of flying-fish is a 
mechanical impossibility is the new grbund which I propose to take 
up. 

In order to make clear what the aeroplane theory is, I quote 
from the EncyclopcBdia Britannica (art. "Flying-fish") the "chief 
results of the inquiries" (Die Bewegungen der Fliegenden Fische 
dutch die Luft, Leipzig, 1878) of one of its chief exponents, Pro- 
fessor K. Mobius. These results, which seem also to have formed 
the groundwork of many subsequent articles, are — with certain 
omissions on my part for brevity's sake — summed up as follows: — 

"They are more frequently observed in rough weather, and in 
a disturbed sea then during calms; they dart out of the water. . . . 
and they rise without regard to the direction of the wind or waves. 
The fins are kept quietly distended without any motion, except 
an occasional vibration caused by the air, whenever the surface 
of the wing is parallel with the current of the wind. Their flight 
is rapid, but gradually decreasing in velocity, greatly exceeding 
that of a shipj'going ten miles an hour, and a distance of 500 feet. 
Generally it is longer when the fishes fly against, than with, or at 
an angle to, the wind. Any vertical or horizontal deviation from 
the straight course, when flying with or against the wind, is not 
caused at the will of the fish, but by currents of air. .. .in a rough 
sea, when flying against the course of the waves; they then fre- 
quently overtop each wave, being carried over it by the pressure 
of the disturbed air. They. . . .fall on board vessels. This never 
happens from'the lee side, but during a breeze only, and from the 
weather side. During the night they frequently fly against the 
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weatherboard, where they are caught by the current of air and 
carried upwards to the height of 20 feet above the surface of the 
water, whilst under ordinary circumstances they keep close to it." 

The above is fairly representative of the aeroplane theory. 
There are, however, several variants to it, the most notable being 
the addition by later writers of the use of the tail, both as a propeller 
in air, and also as an explanation of the loud buzzing sound always 
heard when the fish fly near or over a boat, and which is really 
made — it seems odd to have to write it — by the rapid whirring 
of the wings. 

Of this whirring or flapping motion Professor Whitman writes: 
"It is so rapid that it is not easily recognized at any great distance 
until experience has sharpened the eye." Therein lies, I think, 
the cause of the birth of the aeroplane theory, though I must add 
that experience need not necessarily sharpen even good natural 
sight into being able to see the wing-movement. Knack or chance 
may come in in such matters. Some time ago, for instance, I 
was astonished, whilst testing the shooting of a shot-and-ball gun 
at the butts, to find that in certain lights I could plainly see the 
ball during its whole flight, whilst the attendant, whose daily busi- 
ness it was to test rifles and guns, and whose sight was far supe- 
rior to mine, tried over and over again but could not pick it up. 
So have I seen many watch the whirring wings and declare them 
to be still. 

It is commonly accepted that in matters of observation an affirm- 
ative evidence is superior to a negative one. In the special case 
under consideration, the value of the aflBrmative true flight evi- 
dence is very greatly increased by the fact that the aeroplane 
contradiction thereof must be in proof of a unique act in nature 
without a known parallel. Flying lizards and flying squirrels 
are perhaps the nearest, but in both cases the aeroplane is, I believe, 
greater by far compared with the weight borne, and — of more 
importance — the course is certainly far less and falling, not hori- 
zontal, or rising, as is that of the flying-fish. 

Surely, therefore, it is not too much to ask from the aeroplanists 
either a reference to some mechanical parallel, or else absolutely 
overwhelming evidence in favor of the marvellous — a fair 
expression if no parallel be produced. We do not receive the 
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evidence, for, as before noted, it consists of a series of witnesses 
very fairly divided as to whether they can or cannot see the wing- 
movement, although scientiBc writers on the subject nearly all 
follow the latter. We do receive reference to certain parallels, 
and I shall endeavour to examine these with such lights as I can 
find. The parallels are, first, the "sailing" or skimming flight 
of birds (swallows being usually mentioned), and, secondly, 
parachutes. 

For purposes of comparison in this examination, we will take a 
typical flying-fish. I have the wings of one, which flew on board 
a steamer on which I was traveling, before me as I write. Its 
weight was just over a pound, and it had a wing-area of 62 square 
inches, very liberally computed. 

Let us consider the bird-flight first. Concerning this we have 
certain recognized facts to guide us, for which I refer readers to 
Professor E. J. Marey's work on Animal Mechanism (vol. 2, pp. 
221-225, 1874). 

We are specially concerned in his acceptance therein of the 
division of birds into two main classes, viz,, those largely given 
to "sailing" or still-wing flight (which class is found to be endowed 
with a large wing-surface), and those which confine themselves 
more to the "rowing" or wing-flapping flight (which, as a class, 
have short and narrow wings). 

"If," says Professor Marey {loc, cit,, p. 221), "we compare 
together two rowing, or two sailing. . . ," arranging as far as possi- 
ble "to have no difference between them except that of size, we 
shall find a tolerably constant ratio between the weights of these 
birds and the surface of their wings." Tables are added of this 
ratio in various birds, as found by dividing the square root of their 
wing-surface in square centimeters by the cube root of their weight 
in grammes. 

I will from these tables give this ratio for three of the sailing 
birds and for three of the rowing birds, including the two lowest 
ratios of the latter. I will add on my own account the ratio for 
the flying-fish, which is quite properly comparable with birds in 
this respect. 
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Name 



Weight=p 
in grams 



Surface of wings 
=2a in sq. cm. 



Ratio= 



\/2<J 



Falco palustris 


208.76 


1188 


1 5.810 


Falco 8ubbiUeo(f) | 


509.62 


1684 


5.138 


Hirundo urbica \ 








(House martin) 


18.00 1 


120 


4.180 


Columba vinacea 


112.00 


292 


3.545 


Saxicola cenanthe 


56.05 1 


125 


2.922 


Perdix cinerea 


280.00 


320 


2.734 


Exocwtua (Flying-fish) 


453.59 


400 


2.603 



Note the place of the flying-fish. It is quite in its proper posi- 
tion as a very low order of wing-flapper, requiring great wing- 
speed to sustain it in air. Note also the representative of the 
swallow tribe, weighing considerably under an ounce, in its proper 
place in the sailing class. The Hirundo rustica, or swallow proper, 
would doubtless hold a higher place still — our principal parallel^ 
whose featherweight ought to have protected us from the com- 
parison. 

The figures should be convincing; I will not, therefore, com- 
ment more upon this, but proceed to another test, viz., to find what 
size of wing a one-pound (453 grams) fish would require to raise 
it into the sailing class. No birds are dealt with by Marey of 
exactly one pound weight; I will therefore take the next above 
and the next below that weight. 

The Fcdco svbbtdeo above shown has a weight of 609 grams 
and a wing-area of 1684 sq. cm., with ratio of 5.138, and the Corvus 
comix has a weight of 374 grams and a wing-area of 1166 sq. 
cm., giving a ratio of 4.717. 

Our one-pound flying-fish, to enable it to sail, would thus require 
a wing-area between three and four times greater than the 400 
sq. cm., which it possesses. And, mark this, even then it would 
only sail as birds sail, in favorable winds and circumstances,^ 
falling and rising and using the "rowing" flight frequently, as 
may be necessary, not as our fishes go, "without regard to the 
direction of the wind," horizontally, and close to the water, and, 
according to aeroplanists, with ever still wings! Further, " concave 
bird-like surfaces afford from 3 to 7 times as much support as 
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planes." (Encycl. Brii. , axt. "Aeronautes, — re flight.") It has 
been pointed out to me that it is extremely improbable that a 
flying fish's wings can assume this concave shape. If this be so, 
"from 9 to 28" may be substituted for "between three and four" 
times, above. 

Need I go on ? I am afraid so — superstitions, especially 
learned ones, die hard. So to the second parallel offered us, the 
parachute. The term implies the act of falling through the air, 
and not the horizontal or the rising motion with which we are 
dealing. Still, the word has been used in explanation of the fish's 
supposed deeds, and I will try to deal with it and at the same time 
keep clear of the pitfalls which will surround the effort. 

Professor Mobius puts the speed of the flying-fish as "greatly 
exceeding that of a ship going 10 miles an hour." George Bennett 
{Wanderings in New Sotdh Wales, vol. 1, p. 31, 1834), much 
quoted, puts its extreme time in air at 30 seconds "by the watch," 
and its distance at 200 yards; this works out at rather over 13^ 
miles an hour, extreme rate. It will, perhaps, give a suflSciently 
large margin to call the fish's average speed 15 miles an hour. 

Now if wind and a body, either or both in motion, meet at a 
rate of 15 miles an hour directly against each other, the body hav- 
ing 1 square foot of surface, the pressure exerted thereon \vdll be 
1.107 lbs. That, I think, implies that if a flying-fish weighing a 
little over a pound and having a wing-surface of 144 square inches 
(an impossibly large one, of course, for such a fish) were falling 
through still air, it would descend at the rate of about 15 miles an 
hour; or, on the other hand, if it were in a wind blowing 15 miles 
an hour straight upward from the sea (an impossibly favoring 
wind, of course) it would just be supported. I will leave it entirely 
to my readers to imagine the effect in the second case upon our 
fish of reducing its wing-area from the suppositious 144 sq. inches 
to its actual 62 sq. inches. 

If the reader's imagination is not sufficient to drop the fish into 
the sea at once by the reduction, then let him add the effect of 
removing as much support as would be taken away by changing 
the impossible upward-blowing wind into the ordinary horizontal 
one at the same 15 miles an hour speed, meeting the wings at an 
acute angle. There are pitfalls here, so I will avoid angles and 
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calculations, and merely point out that, however much scientists 
may differ as to the amount of the loss of the supporting power 
involved, none will dispute that there will be a very great loss. 

Yet again, if these descents from favoring suppositions to 
sober facts will not convince, I must advance one more argument. 
It is, I believe, like the others, new ground, and I will give it a 
fresh paragraph. 

Flying-fish, at the end of their first flight of usually about 10 to 
60 yards, have a habit, especially when approaching the crest of a 
wave, of momentarily checking their wing-movement and slowing 
down from the blur of great rapidity into a pace in which the 
flapping of the wing becomes easily visible. This period of visi- 
bility is supposed by aeroplanists to be the only portion of the 
flight during which the wings move, and they even deny them at 
this time any supporting power whatever. It is their "period of 
occasional vibration" or "fluttering," and their explanation thereof 
will make a mechanician smile or feel sad, according to his tem- 
perament. I have already quoted it from Mobius, and it amounts 
to the wings trailing in the wind like a loosely flapping flag, thus 
not only depriving the heavy fish of the so called support of its 
miniature aeroplanes, but actually converting them into an active 
drag. 

And yet, according to the theorists, at an extreme suggested 
speed of 13i miles an hour, the fish still sails! 

Such an upsetting of one of the best known of nature's laws as 
all the foregoing implies would be impossible of final acceptance, 
even if we could not, as many of us can, see the flying-fish flying. 

I studied the "vibration" or flutter periods very carefully this 
spring when returning from the Gulf of Mexico. Their object 
and method seemed simple and clear, and to be as follows: the 
slowing down from extreme wing-speed into visibility heralds an 
immediate increased effort of flight, often, if not usually, to enable 
the fish to surmount a wave. The fish is, in fact, pulling itself 
together for a spurt. The flutter, as was to be expected, is accom- 
panied by a slight fall of the fish of perhaps 2 or 3 inches; but the 
spurt, at once put on, regains the lost elevation and lifts the fish 
well over the obstacle. This sudden rise of the fish (the "fre- 
quently overtop each wave" of Mobius) is constantly to be seen, 
and to many the wings seem still at this time. 
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The difference in the rates of speed of wing-flapping on differ- 
ent days is very marked. At times, and often for many successive 
days, it is noticeable that, although the bodies of the fish as they 
rise from under the steamer's bows are clearly and sharply defined 
their supporting wings have a peculiar hazy and blurred look, with 
a want of definition of outline which cannot be accounted for, for 
they seem to be still. Then a day will come when the fish, still 
fleeing in front of the ship, will move their wings less rapidly and 
their motion will become plainly visible. There are still many 
lookers-on who cannot pick it up, but for the rest the aeroplane 
theory is exploded for ever, and when next the swifter-moving 
wings are seen with the eye of knowledge the wonder is that there 
had been any difficulty. The haze and blur are exactly what 
should have been looked for under the circumstances. 

We have all of us watched sea-gulls soaring quietly in a certain 
direction, but obliged to flap when they turn away, the vigor of 
the flapping varying more or less regularly with the direction in 
which they meet the wind. It is more than probable that the 
change of wing-speed of the fish varies for similar reasons in degree 
of rapidity, soaring being, as I have endeavored to ^how, quite 
out of the question. From whatever cause, it certainly does so 
vary. 

A curious thing about the "vibration" periods is that they seem 
to offer fleeting glimpses of a satisfactory wing; for a moment, 
now and again, the wings have outlines and edges, and will also 
occasionally return a sun-glare to the eye from their wet glassy 
surfaces, such as might be expected from them when not whirring. 
Such a glare is also now and then momentarily to be seen when a 
fish ceases flying, and just before it strikes the water, if it be in 
the proper position with regard to the sun. There would, of 
course, be many long periods of this glare were the wings really 
still. 

One or two more prominent fallacies are handed on from writer 
to writer, and often accepted as facts. One is that the fish are 
helped in their flight by the distention of their air-bladder. If 
such had any appreciable effect it would be that of impeding the 
flight, for the contained air being under compression would be 
denser and therefore heavier than the outside air, and the increased 
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size of the fish would merely check its speed as a hollow bullet is 
checked. 

Steering-power is also denied to the fish by most naturalists. 
It is, nevertheless, a matter of common seafaring knowledge that 
they turn with deliberate intention. I have myself watched one 
fly towards the ship, and, circling back, finish its flight in a direc- 
tion straight away from the ship. It approached within a yard 
or so of the side, close under where I was standing. The check 
of speed on its first taking alarm was marked, and during the turn 
of half a circle of about 10 or 12 feet radius which it made it could 
not have been flying at a rate of more than three or four miles an 
hour. 

Again, they rise quite at will, though this power also is denied 
by aeroplanists. With reference to this, as well as to their power 
of steering,- the late Earl of Pembroke, or Doctor G. H. Kingsley, 
joint authors of SoiUh-Sea Bubbles y says (p. 64, 7th ed., 1895): 
"Flying-fish do fly, moving their pectoral fins with extreme rapidity, 
moreover, they raise and lower themselves over the tops of the 

waves, and do not dip into them, I remember between Panama 

and Rapa I used to see the cabin's bulls' eyes surrounded by a 
circle of scales every morning left there by flying-fish." They 
were making for the light. No ingenuity can fasten this upon 
** currents of air," which are credited with so many other impos- 
sible feats on behalf of these fish. This habit of theirs is quite 
well known, and is effected by raising themselves and steering, 
pure and simple. 

Their taking a baited hook is also denied. As a matter of fact, 
a baited hook is the first part of the fishing-process of the Barbados 
flying-fishing fleet, with which I have been out. We had a blank 
day; but, according to the animated description of the boatmen, 
the struggles of the first victim bring round it swarms of sympa- 
thizers (as gulls flock round a wounded companion), and these are 
"raked" into the boat by the hand hoop-net, an enlarged edition of 
a round shallow shrimp-net without any handle. 

I have throughout this paper spoken of flying-fish generally, 
for the wing-areas of all of the known kinds are to their weights 
and speeds such that the impossibility of their practical use as 
aeroplanes differs only in degree. 
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Flying-fish put on different aspects according to the state of 
air and sea. One is rather startled at times by the changes in 
their methods. In oily equatorial calms, I have watched them 
in numbers flying long distances with their tails in the water and 
their heads and wings in the air, the body making an angle of 
perhaps 30*^ or 40° with the horizon. The wake left in the water 
by the dragging tail showed, as well as I could judge, no signs of 
its having been used for purposes of propulsion, even in its own 
element, and it is, perhaps, simply to relieve the fish of its weight 
that it is so supported when there is no fear of the wings being 
caught by ruffled water; nevertheless the peculiar long lower half 
of these tails specially adapts them for use as auxiliary propellers 
to a fish which, with their exception is "a fish out of water"; and 
it looks so like a case of natural evolution, that I feel inclined to 
doubt the justice of my personal observation as to their non-use. 

It would seem, from thb habit, reasonable to suppose that the 
fish have the power of flapping their wings at various angles, as 
have birds, as ordinarily their bodies are fairly horizontal as they 

fly- 

The flight of these fish is often described as "graceful," "light," 
and so on. To him who believes that they soar along easily for 
200 yards without further effort than a preliminary leap from 
the sea, such an opinion may be a natural one. 

To him who recognizes that such a leap is mechanically impos- 
sible, whether or not assisted by a continuous tail-movement, or 
to him, who, without thinking particularly about it, simply sees 
the heavy laboring of the wings as the fish patiently whirrs along 
its even, uneventful way, "graceful" and "light" are terms mis- 
placed. Strenuous, persistent, plodding effort is the impression 
left upon the mind, the least failure in which effort means plump- 
ing into the water. One often sees thb happen obviously without 
intention on the fish's part. 

In conclusion, it is, I think, made clear: — 

1. That flying-fish would require to have a wing-area several, 
and probably many times greater, according to their weights, 
than they actually possess to enable them to accomplish sailing 
flight in even such a restricted form as that carried out by sailing 
birds. 
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2. That we know of no parallel case in nature which would 
justify the assumption that the possession by these fishes of even 
such increased wing-area would of necessity enable them to sail 
long distances — (a) horizontally, or (6) close to an obstruction 
(the sea), or (c) in defiance of the direction of the wind; much less 
all three (a), (6), and (c) combined, as they conmionly fly. 

3. That their common flight is exactly what is to be expected 
of flyers holding, as they do, a very low wing to weight ratio — 
flyers capable of and of necessity employing, extreme wing-speed. 

Havelet House 
Guernsey, England 
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CONTRIBUTIONS FROM THE ZOOLOGICAL LABORATORY OF 

THE MUSEUM OF COMPARATIVE ZOOLOGY AT HARVARD 

COLLEGE. E. L. MARK, Director. No. 173 

DOUBLE HENS' EGGS 
G. H. Parker 

The presence of an additional yolk or of jsi second more dr less 
perfect egg in a hen's egg, though not an unusual occurrence, 
is rare enough to excite the attention of those interested in natural 
phenomena and has been a matter of record since the time of 
Aristotle. A recapitulation of the early instances of this kind 
has already been given by Davaine ('61), who has also added 
much to our knowledge of double eggs. The following account 
contains a description of five such eggs which have come to the 
writer's notice in the past few years and present certain features 
worthy of record. 

Of these eggs the first to be described was laid 26 June, 1905, 
by a hen belonging to Mrs. Prince Stuart of Wood's Hole, Mass. 
I am indebted to Mr. A. S. Pearse for the opportunity of examin- 
ing it. The egg was unusually large, its major axis measuring 
74 mm., its minor 55 mm. In form it was not unlike a normal 
egg except that the point was less certainly distinguishable from 
the butt than is commonly the case. The shell was almost white; 
near the poles its surface was smooth, but about its equator there 
was a broad band of unusual roughness. Within was a normal 
shell membrane inclosing a single mass of albumen containing 
two yolks. These lay one toward the butt, the other toward the 
point of the egg. The one toward the butt was approximately 
spheroidal with its major axis at right angles to that of the whole 
egg. It measured 34 mm. by 30 mm. The yolk nearer the point 
was smaller than the other one, by which it was indented on the 
side away from the point. It measured 21 mm. by 27 mm., and 
its major axis was also at right angles to that of the whole egg. 

13 
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Though the two yolks were m intimate contact along their applied 
faces, they were organically distinct, since each possessed an 
independent vitelline membrane. So far as could be judged, 
they were of the same age, in that both had the appearance of 
freshly laid yolks. 

The second egg to be described b one that I had the privilege 
of examining through the kindness of Mr. C. C. Spratt. It had 
been laid in the spring several years ago by a hen belonging to 
Mrs. C. H. Gould of North Bridgton, Me. The outer shell, 
which was thick but otherwise normal, was much broken; its 
two axes measured 54 mm. and approximately 73 mm. It was 
lined with a shell membrane and its contents were lost except for 
a small complete egg which it contained. This measured 33 mm. 
by 39 mm., and, though rather roundish in outline, it presented a 
butt and a point. Its shell was thinner than usual and its whole 
outer surface was granular. The inside of this shell was lined 
with a shell membrane and contained dried albumen and a dried 
yolk. 

The three remaining eggs were laid by a hen belonging to Mr. 
F. Nielson of Medford, Mass. They were laid in March, 1903, 
and shortly after the laying of the largest one the hen died. When 
the eggs came to my hands, each had a small opening at one end. 
I am therefore unable to give their exact length but in other respects 
they were in excellent condition for examination. The smallest 
measured 43 mm. by approximately 57 mm., the next 48 mm. by 
approximately 56 mm., and the largest and last to be laid 55 mm. 
by approximately 71 nun. In each instance a point and a butt 
could be distinguished and the shells were of normal texture, 
color, and thickness. Each shell contained a shell membrane 
and a mass of albumen in which was imbedded a second smaller 

egg- 
These eggs were used for exhibition purposes, but I was allowed 

to cut open the one of intermediate size, and the appearance of its 
section face is given in the accompanying figure. It will be seen 
at once that the inclosed egg is relatively large; it measured 45 
mm. by 2^) mm. A butt and a point could be easily distinguished 
on it. The chief axis of the small egg was parallel to that of the 
large one and its point and butt were just within the corresponding 
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parts of the inclosing shell. The shell of the small egg was rather 

thin; it was lined with a shell membrane and contained albumen 

which had withdrawn slightly from the shell wall, probably through 

shrinkage. Between the inner shell 

and the membrane lining the outer 

shell, was a mass of albumen, which 

was slightly discolored around the ' 

equator of the smaller egg and near J 

its butt by a small amount of yolk 

substance. Aside from this neither the 

larger nor the smaller egg contained 

any evidence of yolk. 

The internal condition of the other 
two eggs belonging to this set could not 
be ascertained, for the owner preferred 
to keep them in their present form. 
Judging, however, from what could be 
seen through the small holes in their 
ends, they contained relatively large 
eggs with firm limy shells like that seen 
in the egg that was cut. 

An examination of the five eggs thus 
far described and a comparison of their 
conditions with those of other recorded 
cases of double eggs, have led me to the conclusion that at least 
two factors are concerned in the production of such ^gs. Double- 
yolk ^gs like the first one described, are due in my opinion to the 
simultaneous or almost simultaneous discharge of two yolks from 
the ovary instead of one, these two being enveloped by albumen, 
shell membrane, and shell in an essentially normal manner. 
Inclosed eggs on the other hand may be the product of an en- 
tirely normal ovary and may result from the abnormal action of 
the oviduct, in that a yolk normally supplied by the ovary may 
be abnormally covered, retained, and inclosed in another egg. 
Thus two factors in the production of double eggs may be dis- 
tinguished: ovarian and oviducal. 

That these two factors are really independent is indicated in 
several ways. First, they seem to come into play at somewhat 



Fiq. 1. — A double egg cut In 
longitudinal section from butt to 
point. The outer shell measured 
48 mm. by about 56 mm.; the 
inner, 20 mm. by 45 mm. ; both 
contained albumen, that of the 
inclosing egg showing yolk sub- 
stance (drawn as granules in the 
figure). Beginning at the butt 
of the egg, the dotted line rep- 
resents the reconstructed shell; 
the first solid line, the shell of 
the inclosed egg; the second, its 
shell membrane; and the third, 
the surface of its albumen. The 
spaces between shell and mem- 
brane, and membrane and albu- 
men, are probably due to shrink- 
age. 
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different seasons. The double-yolk egg described in this paper 
was laid in June, and, though Bauer ('98, p. 304) and Immermann 
('99, p. 7) record cases of this kind in December and Panum ('60, 
p. 186) in January, the great majority of such occur during the 
warmer part of the year, from May to August according to Immer- 
mann ('99, p. 7) or from March to September according to Panum 
('60, p. 186). The inclosed eggs on the contrary are produced 
in the winter and spring. Thus the second egg described in this 
paper was laid at some time in the spring and the remaining three 
in March. A compilation of the publbhed records of this kind 
shows the period to extend from December to March or April.^ 
It therefore appears that while double-yolk eggs may be laid 
at any time of year, they are most abundant in summer and that 
inclosed eggs, so far as the records go, are limited exclusively to 
the winter and spring. 

Another point in evidence of the independence of the ovarian 
and oviducal factors is seen in the condition of the hen. The 
laying of eggs with two yolks may become, as Landois ('78, p. 24) 
declares, almost habitual with certain hens. Bartels ('95, p. 143) 
states that the hen that laid the double egg described by him had 
often laid such eggs and Immermann ('99, p. 8) records the case 
of a hen that laid such an egg about every eight days. Apparently 
this b as much an organic peculiarity of certain hens as is the pro- 
duction of twins by certain individuals in the human species, and, 
while it may be called abnormal in that it is unusual, it is in no 
sense indicative of serious organic derangement or disease. The 
laying of inclosed eggs, however, is often followed by serious con- 
sequences to the hen. Thus the hen belonging to Mr. Nielson 
died shortly after laying the last of the lot of three inclosed eggs 
described in this paper, and the same fate immediately overtook 
the hen that laid the two inclosed eggs described by Fritsch ('95). 
Evidently the laying of such eggs indicates a more serious state 
of affairs so far as the hen is concerned than the laying of double- 
yolk eggs and brings out again a difference between the ovarian 
and the oviducal factors. 



^Inclosed eggs have been recorded as laid in winter (Chobaut, '97), 
December (Philippi, '93), January (Parona e Grassi, '77), March (Collin, '94; 
F6r6, :02), and at Easter (Schumacher, '96). 
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As a result of the action of these two factors, three classes of 
double eggs can be distinguished: first, those whose yolks have 
come from an abnonnal ovary but have passed through a normal 
oviduct; secondly, those whose yolks have come from a normal 
ovary but have passed through an abnormal oviduct; and finally, 
those produced by an ovary and oviduct both of which have been 
abnormal in their action. 

Of the first class little need be said. Although eggs with three 
yolks are extremely rare, those with two are of rather common 
occurrence and, as has been pointed out, they are often repeatedly 
laid by a given hen without injury to herself. As Immermann 
('99, p. 10) rightly observed, these eggs fall into two subclasses: 
the first includes eggs in which the yolks have separate vitelline 
membranes, and the second those in which the two yolks are 
within one membrane. In the former the yolks were probably 
discharged simultaneously from separate ovarian follicles; in the 
latter both yolks very likely came from the same follicle. When 
these eggs are incubated, the two embryos begin their develop- 
ment together and proceed at about the same rate. In this respect 
they are in strong contrast with most inclosed eggs in which, as 
in the egg described by F^r^ (:02, p. 349), the inclosed yolk is in 
advance of the inclosing one in development. The two yolks of 
double-yolk eggs are usually each of normal size and in conse- 
quence induce the formation of a large egg, though the volume 
of the whole is usually not more than once and a half to once and 
three quarters that of a normal egg. The fact that hens can lay 
such large eggs repeatedly and yet without injury to themselves, 
shows that the death of the hen, which often follows the laying 
of inclosed eggs, cannot be attributed merely to mechanical causes. 

Under this first class of abnormalities have also been placed 
eggs with yolks of unusual form, such as the apparently double- 
yolk egg described by Mobius ('95). Since such apparently 
double or partly double yolks often arise from a rupture of the 
vitelline membrane and a flowing out of yolk substance, they 
cannot of course be regarded as real examples of double yolks. 
Such yolk hernias may be due either to a weak vitelline membrane 
or, as Davaine (*61, p. 256) has suggested, to a constricted oviduct, 
but in either case they are not to be classed with true double eggs. 
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The second class of abnormal eggs includes those in which a 
normal yolk is received by an abnormal oviduct and in consequence 
becomes covered with an abnormal set of envelopes. This is 
represented by eggs that are normal as to contents, form, and size, 
but are contained in other larger eggs. Instances of this kind 
have been described by Barnes ('63; '85), Fritsch ('95), Chobaut 
('97), and Gruvel (:01). Very likely the second egg described by 
Supino ('97) belongs to this class, but the inclosed egg, though of 
normal size, is said to contain an unusual yolk, indicating possi- 
bly an ovarian abnormality. Here also should probably be placed 
an egg recorded by F^r^ (:02) in which the inclosed yolk, though 
apparently normal, is contained in a small amount of albumen 
and what appears to be a thick egg membrane, but is without a 
shell. 

In most of the instances just cited, the enveloping eggs are of 
two kinds. The first consists of shell, membrane, and albumen as 
in the cases described by Fritsch, Chobaut, and Gruvel; and the 
second possesses a yolk in addition to these parts, as in the eggs 
recorded by Barnes and Supino. The exact method by which a 
normal egg becomes inclosed in a second more or less complete 
egg is not wholly clear; but a discussion of this question will be 
deferred till the third class of eggs has been described. 

In the third class of double eggs there is evidence of both ova- 
rian and oviducal abnormalities. In examples of this kind the 
inclosed eggs usually consist of shell and membrane containing a 
mass of albumen and a small yolk, as in the cases recorded by 
Vaillant ('75), Parona e Grassi ('77), de Man ('78), PhUippi 
('93), Schumacher ('96), Herrick ('99a; '99b, p. 409), and Kunstler 
et Brascassat (:01); or inclosing albumen but without a yolk, as 
in the first egg described by Supino ('97), and those described by 
Herrick ('99b, p. 410), and Gruvel (:02). In this class two types 
of inclosing eggs might be expected : one with a yolk and one with- 
out a yolk, but, strange to say, of the nine instances^ in which the 
descriptions are sufficiently full to allow this point to be ascer- 
tained, the inclosing egg always consisted of shell, albumen, and 
yolk. 

^Parona e Grassi (77), de Man (78). Philippi (*93), Schumacher (W), 
Supino, two eggs ('97), Herrick, two eggs ('99 a; '99b), and Kunstler et 
Brascassat (:02). 
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Notwithstanding the fragmentary character of the second egg 
described in this paper, it undoubtedly falls under the third class; 
and I am also of the opinion that the three eggs from Mr. Nielson's 
hen likewise belong here. It will be remembered, however, that 
of these three eggs the one that was opened presented the remark- 
able feature, not hitherto recorded to my knowledge, of the absence 
of yolks from both the inclosed and the inclosing egg, though 
traces of yolk substance were found in the latter. These traces 
lead me to believe that the inclosing egg originally contained a 
yolk which, however, probably broke and almost entirely ran out 
before the membrane and shell of this egg were formed. 

To explain how such inclosed eggs reach their positions, at 
least two hypotheses have been put forward. According to the 
first of these, which has been advocated by Davaine ('61, p. 238), 
Schumacher ('96, p. 368), Herrick ('99b, p. 413), and Kunstler et 
Brascassat (:01; :02), an egg after having passed by peristalsis to 
the distal end of the oviduct and after having received its usual 
coverings of albumen, shell membrane, and shell, is supposed to 
be carried by antiperistalsis up the oviduct where it meets a second 
egg, and passing down with this, becomes covered by a second 
shell, and is laid. 

According to the second hypothesis, which has been advanced 
byPanum ('60, p. 185), Chobaut ('97), and Rabaud (:02), anti- 
peristalsis plays no part in the formation of inclosed eggs, but the 
egg which is to be inclosed remains in the distal part of the oviduct 
instead of being laid and is there overtaken by a second egg while 
the second one is still without shell. After the second egg has 
enveloped the first, a shell inclosing both is laid down. 

In testing these two hypotheses, the chief question is whether 
or not there is any evidence for antiperistalsis. The common 
occurrence of a small egg with a limy shell in the albumen of a 
large one whose shell membrane is intact, seems to me inexplicable 
except on the assumption of antiperistalsis. Such an egg as the 
smaller one could not receive its shell except by resting some time 
in the distal part of the oviduct and it could not come to lie in the 
albumen of another egg whose shell membrane was not ruptured 
except by passing to a region in the oviduct above that in which 
the shell membrane is formed; as this region is proximal to the 
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shell-forming portion of the duct the operation seems to me to 
necessitate antiperistalsis. It might be assumed that the inclosed 
egg made its way into the albumen of the inclosing one by rup- 
turing the shell membrane of the latter just as that egg reached 
the shell chamber of the oviduct. But there is no evidence in 
such eggs of a ruptured membrane as this hypothesis would require 
and indeed there is a case on record (Gruvel, :02, p. 73) in which 
the inclosed egg apparently met the inclosing one when the shell 
membranes of the latter were forming and, instead of rupturing 
them, the inclosed egg remained between the inner and outer mem- 
brane and never entered the albumen of the inclosing egg at all. 
I therefore do not believe that the inclosed egg enters the albumen 
by rupturing egg membranes but by meeting the inclosing egg by 
antiperistalsis high in the oviduct and before the membranes have 
been formed. 

Another fact that seems to me impossible of explanation except 
on the assumption of antiperbtalsis is the occurrence of "soft- 
shelled" eggs in the body-cavities of fowls. This has been re- 
corded by Davaine ('61, p. 241) and more recently by Landois 
('99, p. 52), who states that in one instance he found four such 
eggs in the body-cavity of a hen. Two of these were broken, but 
two were whole and had all the appearances of normal eggs except 
that they lacked shells. As there is no source for the albumen 
and shell membranes of these eggs except the middle and lower 
part of the oviduct and no way into the body-cavity except by the 
infundibulum, I believe the conclusion inevitable that these eggs, 
after the formation of their shell membranes, were moved proxi- 
mally by antiperistalsis. 

How antiperistalsis is excited in the oviducts is not understood. 
It has been suggested that an egg of small volume might induce 
such a movement and thus be returned to the upper part of the 
oviduct, but, though this cannot be denied, it must be remembered 
that, as Landois ('95, p. 32) has shown, small eggs such as are 
often found in large ones, may be laid by hens. Moreover, as 
was stated in describing inclosed eggs of the second class, eggs of 
normal size are often found within the shell membranes of exces- 
sively large eggs and must therefore have moved up the oviduct. 
Hence the small size of an egg cannot be the only cause of anti- 
peristalsis, if in fact it is at all effective in this respect. 
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Although in the present state of our knowledge it is impossible 
to assign a cause for the setting-in of antiperistalsis, it seems to 
be a process that may occur not only once but even twice in the 
enveloping of a yolk. Davaine ('61, p. 237) quotes a case in which 
an egg presented the very unusual condition of three separate 
envelopes instead of two; these were a firm outer shell, a strong 
shell membrane, and a thin shell membrane, and a second case 
is given by Landois ('92, p. 34) of an egg of the red-backed shrike 
(Jjmivs collurio L.) that had three shells one within the other. 

So far as I know, the only objection that has been raised against 
antiperistalsis of the oviduct has come from Rabaud (:02, p. 201), 
who claims that this process could not bring two eggs together, 
but would simply move them up or down the oviduct. But such 
an objection is formal rather than otherwise, for it must be evident 
to anyone who has watched the process as it occurs in the intes- 
tines that its local character is such that eggs could easily be made 
to approach in the oviduct through its means. I therefore dis- 
miss this objection as without weight. 

Although I believe antiperistalsis to be an all important factor 
in the formation of inclosed eggs, it is in all probability some- 
times greatly restricted, as is indicated by an egg described by 
De Toni ('90) and the second of the two described by Supino ('97). 
In both these eggs the outer surface of the inclosed shell is adher- 
ent to the inner surface of the inclosing one; in other words, the 
albuminous investment of the inclosed egg is imperfect, as though 
the smaller egg, while resting in the shell chamber of the oviduct, 
was imperfectly enveloped by the inclosing egg, whose shell on 
forming adhered to the inner shell where the envelope was incom- 
plete. Thus an inclosed egg might be imagined to arise after the 
manner suggested by the second hypothesis already given. But 
in both these instances the inclosed egg lies in the albumen of the 
inclosing one and within its shell membrane, and, as already 
pointed out, it is impossible to explain this position except on the 
assumption of at least some slight antiperistalsis. I therefore 
believe that the formation of inclosed eggs cannot take place 
simply by the undue retention of one egg till it is overtaken by 
another, as stated in the second hypothesis, but that in all instances 
some antiperistalsis occurs. 
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Admitting antiperistalsis to be essential to the formation of 
inclosed eggs, it is interesting to observe that, notwithstanding 
the migrations of these eggs, they appear to retain always the 
same axial relations to the oviduct that they had in the beginning. 
This b clearly seen in the eggs described by Barnes ('63), Chobaut 
('97), Herrick ('99b, p. 410), Kunstler et Brascassat (:02), and 
Gruvel (:02), as well as in one of those described in this paper, 
in all of which the point of the inclosed egg is in the direction of 
that of the inclosing one and not toward its butt, showing that the 
smaller egg has retained its original axial relations to the oviduct 
even though it has moved in both directions through that tube. 
Moreover, when the inclosed egg is so small that it might lie either 
near the point or near the butt of the inclosing egg, it does as a 
matter of fact (Barnes, '63; Herrick, '99b, p. 410; Gruvel, :02; 
and Kunstler et Brascassat, :02) always lie near the point, showing, 
since the egg moves through the oviduct point forward, that it is 
the second egg that incloses the first and not the reverse. 

In one respect the egg obtained from Mr. Nielson is of special 
interest. As I have already stated, it contained no yolk in either 
the inclosed or the inclosing albumen, though traces of yolk sub- 
stance occurred in the latter near the butt of the inclosed egg. 
This was due, I believe, to a ruptured and partially escaped yolk. 
If thb explanation is true, is it possible that the yolkless condition 
of the inclosed egg is also due to the loss of its yolk? It seems 
well established, however, that albumen can be formed in the 
oviduct without the presence of a yolk. Possibly foreign bodies 
when introduced into the oviduct by accident may induce the pro- 
duction of this material. Von Nathusius ('95, p. 655) has pointed 
out that when a hen lays an egg, the distal portion of the oviduct 
is so far rolled out that foreign bodies may adhere to it and thus 
be carried well into its cavity. In this way chicken-yard refuse 
and feathers, such as have been noted by Landois ('82, p. 23) in 
eggs, have doubtless reached that position in the oviduct where 
incorporation in a forming egg was possible. These and like 
bodies may excite the oviduct to the production of albumen and 
thus give rise to a core around which a shell might be secreted. 

Parasites are also known to make their way into the oviduct, 
and, though what have been supposed to be tapeworms in ^gs 
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have in all cases thus far carefully mquired into proved to be mere 
clots of albumen or other like materials (Landois, '94), it is well 
known that distomes and threadworms do sometimes occur im- 
bedded in egg shells (Landois, 78; Collin, '94). One of these 
might well form a nucleus around which albumen could be depos- 
ited. 

But it must also be kept in mind that the ovary and the oviduct 
are not such independent organs as perhaps has been implied. 
Davaine ('61, p. 256) states that Claude Bernard opened a hen 
that had died after laying numerous small yolkless eggs and found 
the infundibulum closed and the body-cavity full of yolks. It is 
therefore probable that the simple activity of the ovary may in 
some indirect way excite the production of albumen in the oviduct, 
and it is my opinion that many yolkless eggs such as that described 
in this paper, are formed in this way rather than that they once 
possessed yolks and through some accident lost them. Such 
questions, however, are subjects for experimental investigation 
rather than for speculation. 
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BIOLOGICAL RELATIONS OF CERTAIN CACTP 

W. A. CANNON 

Especial interest is attached to the study of the cactus family 
because it is peculiarly well adapted by habit and by structure 
to withstand the trying conditions of the desert. The greatest 
development of the group occurs in the arid portions of tropical 
and subtropical America, but the conception which this statement 
is likely to give that the cacti thrive best with a modicum of water 
and live in localities that are too severe for all other desert plants 
to endure, is erroneous. The cacti like other plants of the desert 
are most vigorous when the water supply is adequate, and it is 
by no means certain that such a form as the giant cactus {Cereus 
giganteus) or the barrel cactus {Echinocadus wislizeni), as well 
as the larger Opuntias, do not require a larger amount of water 
than many of the large plants of other families. 

However, it is also likely that no desert plants can live and 
perpetuate their kind under more arid conditions than some of 
the cacti. The general means by which they accomplish this are 
too well known to require repetition here, but certain adaptations 
to desert conditions, not so well known perhaps, may be pointed 
out. The most important factor in the life relations of the des- 
ert plants is unquestionably the available water supply, and the 
most striking adaptations accordingly are associated with the 
absorption, the storage, or the conservation of water. This rela- 
tion to the water supply, either in apparent independence of it 
or in intimate association with it, is met at each stage of devel- 
opment. For instance, the seeds of the giant cactus will ger- 
minate in summer while lying on the top of air-dry sand and 
without previous wetting. Seedlings of Opuntia versicolor are 
provided with water-storage organs (Fig. 1) although such are 
absent in the adult plants. The reaction of the mature plants 
to a variable water supply is also noteworthy. Specimens of 

' Papers from the Desert Botanical Laboratory of the Carnegie Institution, 
No. 11. 
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Opuntia engelmanniy wrinkled from the loss of water during a 
long drought (Fig. 2), absorbed sufficient water within two days 
following a storm to make their joints plump and smooth (Fig. 
3). The giant cactus is especially adapted by the peculiar for- 
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Fio. 1. — Young plants of Opuntia versicolor showing the water-storage organs — 
the swollen roots — which are not present as such in the mature form. 



mation of the rind to undergo without injury considerable changes 
in volume which are induced by a variation in the water content 
(E. S. Spalding, : 05). Other adaptations, such as certain char- 
acteristics of the root systems, certain peculiarities of structure 
and their relation to transpiration, and the transpiration under 
different conditions may be presented somewhat more fully. 
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Fio. 2. — Opuntia engelmanni. May 11. May 11 marked the close of a severe dry 
period and the wrinkled surface of the cactus shows that it was suflfering from 
the drought. 
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The Root Systems 

A special study of the structure and extension of the root sys- 
tems of desert plants cannot fail to be of great interest and im- 
portance in contributing to a right understanding of the biology 
of these plants. Many characteristics of the desert vegetation 
are without much question directly traceable to peculiarities of 
the various root systems. It has been observed (Coville, '93, 
p. 43) that the fairiy equal spacing of desert shrubs is one of 
the characteristics of their distribution. The primary cause for 
this is presumably the struggle for water and their distribution 
is, therefore, an expression of the mutual relationship of the root 
systems. Again, frequently the form of the root is incompatible 
with certain habitats, — for example a subirrigated plant would 
find difficulty in growing where the subsoil is the rock-like caUkhe, 
— and plants with such deeply penetrating roots, for instance, 
are for this reason limited in their distribution. It is theoretically 
possible, and so far as I have observed actually true, that those 
plants that have a root system which is at once superficial and 
which penetrates the ground deeply, all other things being equal, 
may also have the widest choice of habitats. Certain it is that 
the creosote bush, for example, which has a root system of this 
character (V. M. Spalding, : 04) is perhaps the most widely dis- 
tributed of our desert shrubs. Although this view of the relation 
of the character of the root systems to the distribution of these 
plants is advanced tentatively only, the importance of it as a 
factor which must be taken into consideration in this connection 
and sometime carefully studied, is very apparent. 

The root system of a specimen of Echinocactus wislizeni which 
was 60 cm. high and 35 cm. in diameter, growing about 75 meters 
north of the laboratory, was carefully exposed and the course of 
its roots mapped (Fig. 4). The roots, as the figure indicates, 
were branched very freely. There were three main roots which 
arose from the base of the plant not far from 10 cm. from the sur- 
face of the ground and which so directed their growth, and that 
of the branches, that the area compassed by them was about 
equally apportioned and well covered. As a rule the roots were 
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Fio. 3. — OpurUia engelmanni. May 14. This is the plant shown in Fig. 2. Rains 
came May 10-12; the plump condition of the Joints of the plant on May 14 
indicates that water was absorbed promptly after the rains, and in consider- 
able quantity. 



Digitized by 



Google 



32 



THE AMERICAN NATURALIST 



[Vol. XL 



slender. At a distance of 15 cm. from the plant one of the largest 
of them was 7.6 mm. in diameter, and one meter from the plant 
it was 4.6 nmi. in diameter. The roots ran about 6 cm. below 
the surface, in places which were free of stones, but when a stone 
was encountered the root dipped beneath it and availed itself of 
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Fio. 4. — Root Bystem of Echinocactut wialixeni. Scale: 1 unit = 30 cm. 

the better water supply to be found there. The most deeply 
placed root, however, was not more than 10 cm. below the surface 
of the ground. There are therefore two noticeable characteristics 
of the root system of Echinocactus wislizeni, namely, the roots 
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Fia. 6. — Root system of Ceretu giganUtu. Scale: 1 unit = 10 cm. 
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are slender throughout their entire course and they are super- 
ficially placed. 

The roots of Cereus giganteiis, on the other hand, in form and 
position, and perhaps in extent and branching also, are very dif- 
ferent* from those of Echinocactus. Fig. 5 represents the root 
system of a Cereus giganteus, about one meter high, which was 
growing 200 meters west of the Ilchinocactus just described. Four 
main roots were observed to arise from the base of the plant. At 
first they were relatively heavy, from 2 to 4 cm. in diameter at 
the proximal ends, but they became smaller very rapidly as the 
distance from the plant increased — in a manner much as is 
indicated by A of the figure. Very soon after leaving the plant 
the roots branched. One branch, whose later history could not be 
traced, struck directly downwards, and the other took a more or 
less horizontal course. The latter branched at intervals, although 
perhaps not so frequently as those of Echinocactus, and extended, 
in one instance at least, over one* meter from the plant's base. 
How much farther the root reached could not be learned because 
of its fragility and the small size of the distal branches. The 
superficial portion of the root system of Cereus giganteus was 
more deeply placed than were the roots of Echinocactus, and 
owing to the fact that these parts were not so richly branched, 
the ground included by them was not so thoroughly covered. 
However, in one characteristic, which is of interest to note but 
whose significance I have not investigated, the superficial roots of 
the two forms are alike, namely, the longer roots and the greatest 
number of roots are situated on the uphill side of the respective 
plants. This peculiarity is shown in the two figures. In Fig. 4 
the uphill side is to the right, and in Fig. 5 it is at the top of the 
sketch. 

Certain Structural Features 

Perhaps the correlation of structure and function is nowhere 
more patent than in the peculiar transpiration-controlling and 
transpiration-promoting tissues, and the rate of transpiration in 
certain cacti. As is well known, the cacti are well adapted struc- 
turally, laying aside for the moment the matter of water storage. 
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FiQ. 6. — Echinocactualwislizeni. A portion of the 
cortex showing chlorenchyma with large inter- 
cellular spaces. The section was made parallel 
to the surface. 



to retain water for long periods. As an illustration of how long 
a specimen of Ceretut 
gigardeva must ordinari- 
ly retain water in this 
locality, the following 
may be suggested. Cal- 
culations based upon the 
known average water con- 
tent of these cacti, on the 
estimated spread of the 
root system, and on the 
average rainfall at this 
place indicate that ap- 
proximately two years' 
rainfall, assuming the 
rainfall to be normal 
each year, 11.74 in., are 
required to supply a 
cactus 15 feet high with 
an amount of water 

equal to what it usually contains. The necessity of husbanding 

the water so hard-gained is even 
more apparent when the relation 
of the normal rainfall to the usual 
evaporation is taken into account. 
As has been pointed out (Coville 
and MacDougal, : 03, p. 27) the 
annual evaporation is 7.7 times 
the rainfall. This is the normal 
ratio, but when the precipitation 
is below average, as in 1904 
(when it was 75 percent normal) 
the disparity is even greater (Can- 
non, :[p5b). 

Although, as mentioned above, 
the structural adaptations for the 
retention of water are well known, 
reference should here be made 
to the special adaptations found in Echinocactus wislizeni, par- 




Fio. 7. — Echinocadiu vnsliteni. The 
heavy-walled supporting tissue lying 
immediately under the epidermis. 
This section was parallel to the surface. 
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Fio. 8. — Echinocactiu witlizeni, 
view of stoma. 



Surface 



ticularly on account of the small rate of transpiration which 
was demonstrated in this plant. Echinocactus has a heavy outer 

membrane which is cuticularized 
(Figs. 9, 10). The stomata are 
peculiarly fitted to guard well a 
too rapid loss of water, and they 
have a somewhat complicated 
structure. The stoma as charac- 
teristic of many xerophy tic plants, 
is sunken below the general sur- 
face of the stem, and from it in 
Echinocactus a tube, divisible in- 
to two portions of separate func- 
tion, leads deeply into the outer 
portion of the cortex and becomes 
the peripheral portion of the extensive intercellular aerating sys- 
tem of the plant. The substomal tube, really trachea, is shown 
schematically in Fig. 11. The outer portion, which is heavily 
shaded in the sketch, is cuticu- 
laris^ throughout its course in 
the sclerenchymatous tissue (Fig. 
10) of the cortex, and in this part 
it acts merely as a tube for the 
conduction of gases. Beneath 
the supporting tissue the tube 
enters the chlorenchyma and its 
wall is no longer cuticularized; it 
here functions as the substomal 
chamber proper. 

It is of interest to contrast 
with this permanent structure a 
form of stoma and sort of adjoin- 
ing tissue which are a part of 
evanescent organs, and which also 
appear to have somewhat different functions. I have reference 
to the stomata of the leaves of Opuntia versicolor. The perma- 
nent stomata of this Opuntia closely resemble those of Echino- 
cactus but the temporary stomata, those of the leaves, are very 




Fio. 9. — Echinocactu9 wMiieni. Sto- 
mata and substomal canal which passes 
through the supporting tissue (see 
Fig. 7) to the more deeply placed chlor- 
enchyma (Fig. 6). 
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different (Figs. 12-14). These stomata are superficially iplaced 




Fio. 10. — EchinocactU8wi8lizeni. 
tissue. 



Same as Fig. 0, to show character of supporting 



and they open directly into the substomal 
chamber (Fig. 12). The substomal canal 
of the permanent organ, therefore is lack- 
ing. Associated with this form of stoma is 
the absence of a sclerenchymatous support- 
ing tissue, and, consequently, the exten- 
sion of the chlorenchyma to the epidermis. 
The heavy outer epidermal wall of the 
older portions of Echinocactus is here 
replaced by a delicate one. In connec- 
tion with this structure of the leaves of 
Opuntia appears their function of pro- 
moting transpiration, and presumably 
the respiratory activities as well, and in 
this they render it an important service, 
as will be apparent from the results of 
the transpiration studies. 




Flo. 11. — Echinocactus wis- 
lizeni. Semidiagrammatic 
sketch showing the rela- 
tions of the substomal 
canal. That portion of it 
which is in the supi>orting 
tissue is heavily shaded; 
that portion in the chloren- 
chyma is represented by a 
lighter wall. 



Transpiration of Cereus and Echinocactus 

In all of the studies on the transpiration of cacti which were 
conducted outdoors the polymeter method (Cannon :05a), described 
elsewhere, was employed. A few, however, which mil be pointed 
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out later, were done in the laboratory by weighing in a manner 




Fio. 12. — Optmtia verticolor. Cross section of a leaf showing two stomata, one 
of which was cut in two at right angles to the guard cells and the other parallel 
to and to one side of them. The confluent substomal chamber is shown. 
This section is to be contrasted with Fig. 13. 



to be described. This change in method was made necessary 
on account of the high relative humidity prevailing at the time. 
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Fio. 13. — Opuniia vtrsicolor. Substomal canal and partly developed 
supporting tissue of a young stem. 
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Experiment No. 1. Cereus giganUus 





Percent of 




Amount in 


Time 


Saturation 


Temperature 


Ifilligrams 


9: 27 A. M. 


42.0 


94T. 


67.6^ 


10:37 a.m. 


48.5 


lOS** F. 


106.0 



The cactus was located in the shade of a pofo verde {Parkin'' 
sonia rnicr(yphyUa)\m a dry mountain-side not far above the bed 
of Salvino Canyon, 18 miles east of the Laboratory. Higher 




Fio. 14. — OpiMtia verticolor. Cross section of a leaf to Illustrate its delicate struc- 
ture. 

on the same slope were many other giant cacti of large size, and 
other typical desert plants such as Encelia farinosa, Fovquieria 
aplendens, as well as other species of cacti. 

* The first amount in each case is the absolute humidity of the atmosphere 
of the bell glass when the experiment begins. The second amount is the 
absolute humidity at the close of the experiment. The difference between 
the two is the amount transpired. 
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The transpiration of the cactus was taken September 9, and 
as the high relative humidity at the beginning of the experiment 
shows, the effects of the rains of August were still manifest. The 
rate which is 0.2 milligrams per minute for 100 sq. cm. of tran- 
spiring surface, may be considered a high one, since without ex- 
ception the greatest rate of transpiration of all the plants, whose 
seasonal variation in rate has been observed, has been after or 
at the time of the summer rains. 

Experiment 2. Echinocactus wializeni 

Percent of Amount In 

Time Saturation Temperature Milligrams 

10: 28 A. M. 32.5 82^ F. 36.0 

2: 05 P. M. 35.5 9V F. 61.0 

This experiment took place on March 19, at the Desert Botan- 
ical Laboratory. 

The rate of transpiration of the entire plant per hour is 3.4 
milligrams. 

On September 3 the experiment was repeated when the fol- 
lowing data were derived: — 

Experifnent 3. Echinocactus wislizeni 

Percent of Amount in 

Time Saturation Temperature Milligrams 

12: 24 P. M. 35 104«' F. 60 

3: 14 p. M. 45 109^ F. 89 

The rate for the entire plant is 9.6 milligrams per hour. 

This specimen of Echinocactus is growing on a westerly slope 
on the Laboratory Mountain. In its vicinity are found a few 
giant cacti and Encelia jarinosa, Lycium sp., and Parkinsonia 
microphyUa. Because of the desirability of preserving this speci- 
men the surface was not computed and therefore the rate cannot 
be compared directly with that of Cereus giganleus as given in the 
preceding experiment. However, it happened that the two cacti 
were of nearly the same size, — 10 cm. in height, — and a gen- 
eral comparison between the two can be made. The rate of 
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Cereus per hour was approximately 33 milligrams while that of 
Echinocactus on September 3 was 9.6 milligrams. Whether 
this difference in the rate is constant for the two genera, or is 
attributable to other and unknown causes aside from the rela- 
tively slight difference in surface, is not known. 

Transpiration of Opuntia versicolor 

A specimen of Opuntia versicolor about 20 cm. high, growing 
near the laboratory building, was studied at various times during 
the dry portions of the year (1904), namely, in March, April, 
June, and July. The observations indicate that the reaction of 
Opuntia to water is very different from that of other desert plants, 
such for instance as CoviUea tridentata, Encdia farinosay or FotP- 
quieria splendens (Cannon, :05a, p. 404), suggesting a unique 
position among its associates and an important factor among 
the varied ones that brought about the present distribution of the 
group to which it belongs. 

As has been shown in another place, the transpiration of Fou^ 
quieria splendens, as well as that of other desert plants and plants 
of more humid regions (Burgerstein, :04), under certain con- 
ditions increases with an addition to the available water supply 
(see Cannon, :05b; V. M. Spalding, :04, :05). Thus after 
rains, but before leaves appeared, the rate of transpiration of 
Fouquieria splendens increased about three fold; after leaves 
had been formed and while they were developing the rate was 
relatively very great. A similar condition was likewise observed 
in Encelia farinosa, CoviUea tridentata, and in other plants. In 
Opuntia versicolor, however (see Figs. 2, 3), and probably in 
other Opuntias the response to the rains is indeed also positive 
but in a very different way. The cactus absorbs water greedily, 
and as a consequence it at once increases in size, and its tissues 
become turgid. But, so far as I observed, the rate of transpire^ 
tion did not increase proportionally. Indeed, laboratory experi- 
ments, in which a small specimen of 0. versicolor was attached 
to a potometer by a long delicate tube so that the cactus could 
be weighed at intervals at the same time that its rate of absorp- 
tion was being recorded, showed very clearly that under such 
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conditions the cactus may absorb water much faster than it gives 
it up by transpiration. 

It should be noted that the specimens of cactus which were 
experimented upon both in the field and in the laboratory did 
not have an adequate water supply at their disposal previous to 
the times of the experiments. As a general thing not until some 
time has passed after the water has been absorbed, does new 
growth appear with its embryonic structure and its evanescent 
leaves and then only does the rate of transpiration become greatly 
increased. During the periods of drought the plants make but 
little new tissue. These peculiarities of Opuntia versicolor were 
observed repeatedly and will be presented in the succeeding 
risumi of representative experiments. 

The transpiration of Opuntia versicolor, — an entire plant, — 
was as follows: — 

March 25 . . . 51.0 milligrams in one hour 



March 26 
April 25 
June 30 
July 4 



63.0^ 
19.9 
27.5 
26.1 



During the period from March to July the rainfall was unusu- 
ally small and the cactus had an insufficient supply of water. 
The rates of March, April, and June, therefore, represent the 
transpiratory activities of the plant in times of drought. At 
various times in the midst of the dry seasons Fouquieria, Covil- 
lea, and other plants had been irrigated and the effects on their 
transpiration were recorded (Cannon, :05b). To learn how an 
increase in the water supply of Opuntia versicolor would influence 
its rate, as well as to learn how the rate under such circimistances 
would compare with that during dry conditions, it, also, was irri- 
gated. On June 27, which was a time of drought, nine gallons 
of water were poured slowly on the ground at the base of the 
cactus, but it did not show by an accelerated rate (see the rate 
of July 4, above) that it had absorbed any of the water. That it 
had really done so, howev^er, was indicated by the fact that the 
plant had become rigid by the increased turgescence of its tissues. 



* Unfortunately a small branch was broken from the plant after this experi- 
ment so that the winter and the summer rates are not comparable. 
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The transpiring surface of the Opuntia was not estimated, 
so that its rate cannot be compared directly with the rate of other 
cacti or plants of other families although this, perhaps, is of minor 
consequence. The important fact was established that the plant 
does transpire measurable amounts of water even in the driest 
times and that it absorbs water quite out of proportion to its rate 
of transpiration. 

I wish now to call attention to a phase of the biology of Opun- 
tia versicolor which is also of great importance in the economy 
of the plant but which has hitherto received little emphasis, 
namely, to the rdle which the leaves play in transpiration. 

On August 18 the polymeter apparatus (Cannon, :05a. Fig. 4) 
was adjusted to take the transpiration of a branch of the cactus 
which bore leaves and which was situated a few meters north of 
the laboratory building. The data derived from this experiment 
are as follows: — 

Experiment 4. Transpiration of Leaves of Opuntia versicolor 





Percent of 




Amount in 


Time 


Saturation 


Temperature 


MUligrams 


2:20 p.m. 


40 


95** F. 


62. 


2: 30 P. M. 


59 


98'' F. 


101. 



The branch transpired at the rate of 234 milligrams in one 
hour, or 0.91 milligrams per minute for 100 sq. cm. of transpir- 
ing surface. 

As soon as the experiment was finished the surface to the stem 
was coated with vaseline and the experiment was repeated. The 
following, therefore, is the transpiration of the leaves only. 





Percent of 




Amount in 


Time 


Saturation 


Temperature 


MiUigrams 


2:42 p.m. 


41.5 


97° F. 


69. 


2:52 p.m. 


52.0 


100° F. 


87. 



The rate per hour for the leaves of the branch is 108 milli- 
grams, or 0.42 milligrams a minute for 100 sq. cm. of surface. 

The surface of the stem alone was estimated at 331 sq. cm.; 
that of the leaves at 97 sq. cm. Therefore with somewhat less 
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than one fourth the entire transpiring surface, the leaves alone 
transpired nearly one half the whole amount. 

The high humidity at this time was unfavorable to the further 
use of the polymeter method so that the experiments upon the 
transpiration of the leaves of the cactus were continued with a 
special weighing apparatus in its stead. Since the results of all 
of these experiments were essentially alike, I shall refer to one of 
them only. 

A branch of Opuntia versicolor with leaves was placed in a 
bottle containing water which was so arranged, with a capillary 
tube as well as the branch fastened in the stopper, that the air 
could enter and maintain a pressure within uniform with that of 
the room, while only an inappreciable quantity of vapor escapefl. 
In one hour, 2 : 15 to 3 : 15 p. m., the branch lost 180 milligrams 
in weight. The stem was then coated with vaseline and in one 
hour, 3 : 30 to 4 : 30 p. M., the loss of weight was 100 milligrams, 
which was, of course, the transpiration of the leaves only. 

There were 69 leaves on the branch whose entire surface was 
estimated at 55 sq. cm. The surface of the stem alone was 65 
sq. cm. Therefore the leaves had about 45 percent of the entire 
transpiring surface and they gave off about 55 percent of the 
entire amount transpired. 

Summary and Conclusions 

The leading points in this paper and the conclusions may be 
briefly stated in the following summary. 

1. The root systems of Cereus giganieus and of Echinocactus 
wislizeni which were studied and mapped, present characteristic 
differences. The root system of Cereus is in part superficial 
and in part deeply placed. The root system of Echinocactus is 
superficial only. There appears to be a relation between the char- 
acter of the root systems of these plants and that of the habitats 
in which they naturally occur. For example, the form and the 
extension of the roots of Cereus inhibit its occurrence in localities 
where the underlying formation is of such nature that they cannot 
reach the usual or needful depth. We accordingly find the plant 
on rocky mountains, or where the soil is deep, but in this locality 
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it does not grow at all, or rarely, on the mesa where the rock-like 
cdUiche forms a thick and nearly impenetrable stratum which 
reaches almost to the surface. However, it may not be wholly 
a problem of anchorage, since the m6rphological condition may 
be associated with a physiological one, as for instance, subirrigar 
tion or proper drainage which may be indispensable factors in 
its water relations. Although the character of the root system 
may thus be closely connected with the character of the habitat, 
certain features in the local distribution indicate that it cannot 
be too narrowly insisted upon. For example, Cereus giganteus 
avoids northern slopes, although to all outward appearances the 
structure and the water supply may be quite the same as on the 
other sides. 

Echinocactus presents quite a different condition of affairs. 
The plant does not require unusual protection against lateral 
stresses. It grows most abundantly in this locality on the mesa 
where the soil is shallow. The roots are so place^l that they can 
neither afford safe anchorage for a tall plant, nor absorb water 
at the water level. There is therefore a direct relation between 
the character of the plant and that of the root system, on the 
one hand, and the character of the root system and that of the 
habitat, on the other. It should also be noted that the roots 
of Echinocactus, which are very shallowly placed, permit the 
plant to derive benefit from relatively small rains, but, by the 
same token, that they prevent it from getting water other than 
what falls on the area included by them. 

2. The striking disproportion between absorption and tran- 
spiration, which was observed in Opuntia versicolor, is thought 
to be of great importance in accounting for the distribution of 
the plant (and perhaps of the family) in those parts where evap- 
oration greatly exceeds precipitation. 

3. A low rate of transpiration was demonstrated in Opuntia 
versicolor and Echinocactus wislizeni during periods of prolonged 
drought. At the time of the summer rains the rate was greatly 
increased and in all instances the increase was associated with 
the renewal of growth. 

4. A direct relation was observed between structure and tran- 
spiration. The mature portions of Echinocactus and of Opuntia 
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versicolor are suited by the heavy outer epidermal wall, which 
is cuticularizedy as well as by the stomata of peculiar structure, 
to resist rapid loss of water. This is the type of structure that is 
to be found during the periods of drought. The embryonic por- 
tions of these cacti, and the evanescent organs, in which are 
included the leaves of Opuntia, are well adapted to promote tran- 
spiration. This is accomplished in the embryonic tissues by a 
thin epidermal wall and by the undifferentiated portions of the 
outer part of the cortex by which a rapid transfer of water is possi- 
ble. The substomal tube functions also throughout its entire 
length as the substomal chamber. In the leaves of Opuntia not 
only is the epidermal wall delicate, but the outer cortex is never 
differentiated into sderenchyma and chlorenchyma and there is 
no substomal canal. Such is the structure of the tissues at the 
times when the rate of transpiration is most active. 

5. The leaves of Opuntia versicolor play an important rdle 
in transpiration. In one instance with somewhat less than one 
fourth the entire transpiring surface the leaves transpired nearly 
one half the whole amount. In another instance about 45 per- 
cent of the entire transpiring surface was foliar and the leaves 
transpired about 55 percent of the total amount. 

Desert Botanical Laboratory 
OP the Carnegie Institution 
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CONTRIBUTIONS TO THE PHYSIOLOGY AND 
BIOLOGY OF THE DUGONG 

H. DEXLER AND L. FREUND 

The accounts of the habits of the dugong that have hitherto 
been brought to the notice of naturalists are really limited to a 
detailed description by Klunzinger, who as surgeon on the *'Koseir " 
in the sixties, collected these accounts of the dugong of the Red 
Sea from the Bedouins. The account in Brehm's Tierleben is 
taken from him. The few who before or after him have had to 
do with the subject, have added but little that was new. For 
this reason we are warranted in publishing some very recent 
observations based on the field notes of one of us (Dexler). In 
1901, through the generous support of the Gesellschaft zur For- 
derung deutscher Wissenschaft, Kunst, und Literatur in Bohmen, 
Dexler was enabled to make a visit of several months to the Coral 
Sea, and there to attend personally to the capture of the dugong. 
Incidentally, also, the rare opportunity was afforded of observing 
minutely for forty-eight hours the habits of a captive dugong, and 
to investigate in life what has hitherto been impossible for us to 
find out in the case of this animal. 

The low flat coast of East Australia is a favorite haunt of the 
dugong. Here are broad, shallow bays choked with sand and 
covered with water at low tide, and connected with the outer 
ocean by numerous channels and passages. Here is the plant- 
bearing sea bottom on which occur the so called "dugong grasses" 
that constitute the food of the dugong. These bottoms are the 
chosen pasture of the dugong and it is one of their permanent 
occupants, being directly dependent for sustenance upon places 
of this sort. Wherever there are these conditions, to which must 
be added sea water and a particular temperature, there the dugong 
will be found as all observers agree (Ruppel, Klunzinger, Finsch, 
Semon). Sea water is its native element and it is questionable 
if it occurs at all in brackish water at the mouths of rivers, as is 

49 
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maintained by many, e, g,, Brown. But as Finsch has stated, 
observations on this point are lacking, and we ourselves observed 
nothing of the sort. It is not known by the old Queensland dugong 
fishers to enter brackish water, and that it seeks the fresh water 
of the river itself is out of the question. 

During the day the dugong remains in the deeper waters of 
the outer ocean and only at night comes in through the channels 
previously mentioned to feed in the bay. This observation is 
corroborated by those of Klunzinger in the Red Sea, and by the 
statements of Semon and Finsch. With regard to its appear- 
ance at night, Klunzinger makes a noteworthy statement based 
on the accounts of the Bedouins. According to them the dugong 
is recognized at night not only by its "blow" and by the phos- 
phorescence of the disturbed water, but also, they asserted, by 
three shining spots on the back, a fact of which he was repeat- 
edly assured but which he found it difficult to believe. Krauss 
attributed this to the luminosity of the sea, but by Brehm it is 
explained as due to the sparkling in three places of the water 
that is disturbed in swimming, and thus made luminous. These 
three places would correspond well to the rounded ripples that 
would be made by the head, the middle of the back, and the cau- 
dal fin. Langkavel also cites Klunzinger's statement. No such 
phenomenon was observed in the Australian waters, a fact that 
may have been in part due to the slight degree of phosphores- 
cence of the surface water at that time of the year (the Australian 
winter). However, in spite of the bright light of the tropical sea, 
it is highly probable that this is a faulty observation, and untrue 
of the dugong. For as it swims, its head first appears above 
water to take breath, rarely the back follows, while the tail is 
never shown. These movements might very well produce a 
more or less clear flashing when the water is strongly phosphor- 
escent, but it would seem quite as impossible to identify the ani- 
mal by this as to tell it by the noise it makes in breathing. Dexler 
hunted the animals in waters inhabited by both dugongs and 
dolphins, and in the tropical nights made careful observations 
for many hours while lying in wait at the nets in their pursuit. 
At no time, however, was it possible to distinguish the two by their 
resounding "blow" though often they were extremely near at 
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hand. Moreover, the blackfish hunters were questioned in regard 
to this point, and although they are extraordinarily expert in what- 
ever has to do with the pursuit of their quarry, they were unable 
to distinguish between the sounds produced by the breath of these 
animals. 

It is well known that the movements of the dugong in swim- 
ming are slow and clumsy (Klunzinger and Finsch). Thus late 
one evening Dexler observed from his boat, six dugongs that 
lazily broke water scarcely ten meters away, and with a forward 
rolling movement disappeared again. As a rule, only the nasal 
portion of the head came above water in taking breath as Ruppel 
also has observed ; but Ruppel and Semon likewise agree in 
stating that very rarely the anterior part of the body or the entire 
head may appear. 

Before proceeding to describe certain peculiarities of biological 
interest, we may add the important observations made on a 
captive live dugong that have furnished the basis for the system- 
atic treatment of the biological material to follow. More partic- 
ular details as to capture will also be given shortly. 

On one occasion when the nets were examined, there were 
found in them a large ray, an ocean-butterfly, and a dugong 
whose tail had become entangled in the net, though otherwise 
the animal was able to move freely. This might be called very 
unusual, for the animals generally strike the net headfirst, or 
with one of the flippers, getting entangled, and while hanging in 
the net they thrash and roll about until they are completely en- 
tangled by the cords. The heavy net is thus drawn together 
into a solid mass and the dugong, no longer able to raise it in 
order to come to the surface for breath, is drowned. In the 
present case, as the net was tightly drawn together, it could not 
be pulled up on the spot, and it was decided to drag the whole 
thing out onto the shore, with the captive in tow. The fast 
cutter had some difficulty in pulling the animal, but despite its 
tremendous struggles it was towed along after the boat, tail first 
in the gurgling wake. Twice the boat was stopped in order to 
allow the exhausted bull to obtain air, and on these occasions it 
became very excited and unmanageable. It kept constantly try- 
mg to dive, jerking its arched body into the deep, and when it 
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felt the pull on its tail it rolled over and over on its long axis two 
or three times. Repeatedly during these movements, it voided 
gaseous and solid excrement which diflfused the characteristic 
odor of the dugong. The captive came up to breathe at intervab 
of from 14 to 42 seconds, exhaled with along and forcible "blow" 
and inhaled with less noise and more quickly. Then the diving 
and rolling were repeated. 

With the flood tide the boat was brought over the bar to the 
mouth of the Wallumkreek and there anchored. Here in the 
shallow water the animal became for the first time somewhat 
quiet after the people had withdrawn, but when the dingies put 
off from land again and approached it, straightway the diving 
and struggling began anew. From thid it seemed that it was 
not so much the sight of the approaching boats as it was the 
sound that acted upon the animal's consciousness. If a black 
cloth or a piece of white canvas were waved above its head, the 
animal was not visibly disturbed or only rarely. But if one 
stamped on the deck then immediately it thrust its nose into the 
sand in a reflex diving or escaping movement. 

It was a simple matter to secure the dugong, for the helpless 
animal had hardly more than its great weight with which to oppose 
its capture. A strong line was soon tied about its tail and made 
fast to the shore, and the dugong was then rolled out of the net 
into the water. There it appeared to feel better and began at 
once to thrash clumsily about, and tried to hide underneath the 
cutter. However, the strain on the line soon relaxed and with 
but slight exertion the dugong could be dragged into shallow 
water. By this time it put its snout above water for breath 
at intervals of from 17 to 65 seconds and breathed in the manner 
above described. If anyone spoke, or struck the tiller, or rattled 
the anchor chain, or made any other noise, the dugong started 
off violently and tried to dive deeper with a movement like that of 
the dolphins that roll head foremost over the surface of the water. 
In these attempts the animal repeatedly struck the sand bottom 
with considerable force. As soon as the line drew taut and the 
dugong felt the pull, it at once executed those remarkable rapid 
revolutions on the long axis of its body so that the line b^an to 
crack. When the noise ceased, the dugong soon became quiet and 
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lay motionless at the bottom, resigned to its fate. The intervals 
between breaths also became longer; at first they were from 43 
to 60 seconds, then later, from 100 to 120 seconds apart. The 
following intervals were particularly noted: 104, 43, 60, 58, 95, 
45, 105, 145, 85, 52, 50, 56, 120, and 85 seconds. The longest 
interval was 145 seconds though of course it must be kept in mind 
that in this case the animal was living under abnormal conditions, 
of which it must have been sensible, despite its partial freedom. 
The exhaled air had the same aromatic odor that is peculiar to the 
flesh, the excreta, the fat, and the steam from the boiling meat. 

Thus the captive was studied for a number of hours, though 
but little else was brought out, for the radius of movement of 
which it availed itself was very small. Such observations as were 
made, however, were concerned almost entirely with the breath- 
ing. If one struck the animal with the tiller, it took each stroke 
with a slight shudder of the entire body. A more delicate sensi- 
tiveness of the skin could be made out at the comers of the mouth 
only. If one touched this region with the thumb, the dugong 
suddenly raised its head a hand's breadth from the bottom. 

At evening the animal was rolled up onto the shore. During 
this process it thrashed about but little and allowed itself to be 
borne to land as quietly as a barrel. Not until it was choked did 
it repeat the tremendous strokes with the tail; at other times it 
moved neither the hinder part of the body nor the flippers. The 
latter were held against the breast, but if they were pulled away 
from the body, they remained in that position. For forty-eight 
hours it lay motionless. Its death was easy, for it was asphyxi- 
ated by quickly thrusting two gun wads into the nostrils during an 
inhalation. It raised its head, gave three mighty strokes with its 
tail and expired. 

After this description, necessitated by the nature of the case, 
the biological details will again be systematically discussed. A 
little has already been said in regard to the manner of inspiration 
and expiration. Both processes take place out of water and ex- 
clusively through the nose. When the captured dugong was 
asphyxiated by closing its nostrils, it made no attempt to open 
and breathe through its mouth. These conditions in the dugong, 
it is interesting to observe, correspond exactly to those found 
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elsewhere in which the epiglottis is behind the velum or in front 
of it, and thus does not permit of a supplementary breathing 
through the mouth also (see Boenninghaus, : 03, p. 84). Still, a 
similar topographical relation of the parts in question does not 
correspond to similar physiological phenomena, since in the 
Sirenia the velum palatinum and the epiglottis are very short 
(dugong, Owen, '38, p. 36; manatee, Waldeyer, '86, p. 245; 
Murie, '70, p. 178). 

The dugong takes breath quickly, closes its nostrils, and sinks 
into the water. The closing results from the fact that the base 
of the nostril is raised as a slight eminence and pressed tightly 
against the top. It is interesting to observe that this procedure 
was also kept up while the animal was lying on the shore, and 
after each inspiration the nostrils were fast closed until the next 
breath was taken. According to Finsch, the closing of the nos- 
tril takes place through the action of a muscle which he does 
not indicate further. Ruppel ('34, p. 101) makes the incorrect 
statement that the nostrils can be hermetically closed by valves 
opening inwards and this fallacy is repeated by Brandt ('46-'69, 
p. 272). It is worthy of note that Turner ('94, pp. 319, 322, 
326) found in the embryo and in the head of an adult dugong, 
valves ("valve-like flap," "plug-like valve"). No trace of such 
a valve can be demonstrated. The same structure, it has been 
claimed, has been found in the manatee. Brandt has previously 
asserted that in the Sirenia "aperturae nasales valvulis clau- 
dendae esse." Garrod ('77, p. 139) plainly speaks of a "flap 
valve" which forms the base of the nasal passage during the act 
of breathing but rises and completely closes the nostrils when it 
is shut. Likewise Brown ('78, p. 292), Chapman ('75, p. 461), 
Crane ('81, p. 457), and Noack ('87, p. 297) speak of a valve. 
Murie ('80, p. 32) had already rejected Garrod's statement and 
described the arrangement in the manatee as similar to that in 
the dugong, that is, that the base of the nostril is raised by con- 
traction of a circular muscle and the opening is thus closed and 
that a free valve is out of the question. 

In expiration there is a perceptible sound, that has been described 
above as a loud, long "blow*." Klunzinger calls it a puff, Finsch 
a breath and a puff. Semon speaks of it as a singular hollow puff. 
Moreover, it is not accompanied by a discharge of vapor. . 



Digitized by 



Google 



No. 469] BIOLOGY OF THE DUGONG 55 

The increase in the length of the intervab between breaths, 
given above, is of interest. It is of course quite possible that 
the conditions of living and of breathing incident to the animal's 
long period of captivity were extremely abnormal, so that it is 
difficult to learn from them precisely the normal conditions. 
Nevertheless, we cannot be far wrong if we take as the average 
time between breaths a minute or a trifle less. The accounts of 
writers show great disparity on this point. Ruppel states that 
the dugongs come to the surface about once a minute. Accord- 
ing to Klunzinger they do so every ten minutes and always about 
four times. Semon observed a large male that came up at inter- 
vals of from three to five minutes, and Finsch agrees as to these 
longer intervals. However that may be, it should be observed 
that the longest interval between breaths noted by us did not 
exceed two and a half minutes. 

The dugongs, as above noted, feed chiefly by night and the 
same is also true of the manatee. To be sure, Noack ('87, p. 
300) writes that they eat all day long without interruption, though 
Brown ('78, p. 295) had previously shown that as with nocturnal 
animals in general, they appear to feed at night only (see also 
Murie, '80, p. 24). The food and the feeding habits of the dugong 
have hitherto received very meager treatment. The animals lie, 
it appears, directly on the sea bottom, and with their thick lips 
graze leisurely upon the seaweeds (sea algse, according to Ruppel) 
that grow on the rocks or the sea floor, or they tear them from 
the bottom. Klunzinger speaks of sea plants, phanerogams 
(Niades). According to Finsch and Semon it is chiefly sea grasses 
and species of Fucus, according to Fairholme, "grass-like sea- 
weeds," that constitute the food supply. But it may be stated 
that the food of the dugong does not consist of the thick, dark 
brown seaweeds floating up free from the bottom, but rather of 
the two green phanerogamous plants which were present in the 
stomachs of all the dugongs killed, unmixed with any other vege- 
table remains. The dugong fishermen employed by Dexler paid 
no attention to the beds of thick, dark brown seaweeds that could 
be seen growing up from the depths, but kept a sharp and con- 
stant watch of the clear sand that was almost without vegetation. 
There only were traces of the dugongs to be found, and never in 
the rank forest of seaweeds. 
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At our request Professor Aschersohn of Berlin, had the kind- 
ness to examine the species of plants found in the stomachs of 
the dugongs, and determined the one to be HalophUa ovalis (of 
the Hydrocharidaceee) and the other a species of Zostera (Zos- 
iera capricomi Aschersohn). The latter grows as a dense or 
scattered low bed, while in Halophila the root stalk and petiole 
are hidden in the sand and only the small leaflets project slightly. 
These two plants do not occur on rocky bottoms. The Halophila 
growth is limited to a depth of about six meters below the low 
tide mark; higher up, the growth becomes sparser until it entirely 
disappears. The white sand, peculiarly flecked and spotted by 
the Halophila leaves, is the especial feeding place of the dugong. 
The slight depths at which the dugong's food plants can grow 
also explain why the animal spends part of its life in the shallow 
seas and part in the off-shore waters. 

Among the beds of Halophila are the so called dugong's tracks 
which at once show us how the animal takes its food. The tracks 
are long, curved, or wavy furrows in the white sand, with sides 
parallel, about four fingers broad and from four to six cm. deep. 
They are completely denuded of the Halophila. Their age is 
determined by the condition of their edges; fresh tracks have 
raised, sharply defined edges rising from one to two cm. above 
the sea bottom. If the strong flood tide has swept over them 
once, the sand becomes washed away, the edges obliterated, and 
the depth less, until finally they are entirely washed away. These 
furrows, showing white through the dark water, indicate the 
presence of the dugong. They are produced by the dugong pass- 
ing over the Halophila beds as it feeds, pulling up the plants 
with its palatal processes, seizing them and perhaps washing 
them free of sand and other extraneous matter after the manner 
of certain waterfowl (ducks), and then chewing them up with its 
molar teeth. The dugong trails are not made up of separate 
marks which would indicate that the food is not plucked or bitten 
off in tufts. Such plainly continuous trails could not be made 
by the animal's lying sluggishly at the sea bottom. Also the 
peculiar lateral mark made by the tusks^ in case of the male is 

1 Finsch believes that the tusks serve for uprooting the sea grasses rather 
than as weapons, but the fact that they are lacking in the females, argues 
against this view. 
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explained by the method of feeding just described which neces- 
sitates their active share in this process. Finsch, however, speaks 
of dugong tracks that were found on bars left more or less dry 
at low tide and could be readily recognized by the cropped sea 
grass, the disturbed bottom, and the imprints that were left by 
the animals' bodies. The first of these marks is established by 
the description preceding, but we may very well doubt whether 
the last is possible. Nothing of the sort was certainly observed 
in Moreton Bay, Sandy Straits, Wide Bay, and the northern Coral 
Sea. 

There can be no doubt that the sensitive upper lip plays an 
important part in the taking of food. We know from the numer- 
ous careful observations made on living manatees in aquaria (we 
may mention only Brown, Murie, and Noack) how extensively 
these animals use the upper lip in feeding. It is unnecessary to 
lay particular stress on the fact that the food plants of the man- 
atee are considerably different from those of the dugong because 
of their different habitats: The feeding habits of the dugong, 
as described, likewise differ in a general way from those of the 
manatee. 

The washing of the food plants in the mouth must be very 
thoroughly done. Moreover, the dugong in its progress stirs 
up a quantity of sand and other inorganic particles but for all 
that, matter of this sort is seldom found in its stomach contents. 

It has been previously stated that the captured dugong while 
being pulled ashore, voided excreta and intestinal gases with the 
characteristic dugong odor. It likewise did the same while lying 
hauled out on the land. The faeces were rather solid, cylindrical, 
and greenish yellow to greenish black, aromatic but not foetid; 
in the water they sank at once. Brandt ('69, p. 235) on the other 
hand, states that the intestinal contents of the Sirenia are strongly 
foetid, that the excreta float on the water, and are similar in form 
to those of the cow or the horse. Chapman ('75, p. 460) records 
that the faeces of a captured manatee that appeared to be suffer- 
ing from constipation, were very hard, and that a constant stream 
of gaseous bubbles was given out from the anus. Murie ('80, 
p. 22) in case of his manatee merely mentions the droppings. 
Noack ('87, p. 300) on the other hand, states positively that the 
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excreta of Trichechus senegalensis appear greenish brown and 
rather formless, and that they are usually seen in the water only. 
Brandt's description agrees with neither the dugong nor the man- 
atee. The urine of the dugong is clear as water. 

Unfortunately no exact observations could be gathered as to 
the temperature of the dugong. The captured specimen, when 
brought out on land grew remarkably cool. The rectum showed 
a temperature of 19® C. Immediately after its death the ther- 
mometer was thrust into a cut made towards the base of the heart. 
The dark red blood, laden with carbon dioxide, that gushed forth 
had a temperature of 17° C. One can therefore hardly express 
an opinion as to the normal temperature of the dugong, espe- 
cially as the temperature of the air (taken by whirling the ther- 
mometer under a clouded sky) was from 12° to 18° C, and the 
animal had lain motionless for 48 hours. In addition the heavy 
body, weighing some 192 kilograms, pressed the easily fixed 
sternum hard against the heart, whereby the activity of the lat- 
ter, the blood circulation, and consequently the body temperature 
must have been very much disturbed. The marked increase in 
the interval between breathings is also evidence for this. The 
beating of the heart could not be detected either by its palpitation 
or by auscultation. This dugong impressed one as an animal 
that had become cooled off, and whose temperature conditions 
(irrespective of its abnormal position on the shore, and the un- 
usual pressure) were so sensibly disturbed that it had lived only 
a short time after being taken from the water. Moreover, obser- 
vations on manatees taken and kept in captivity, show that almost 
always changes in temperature are the cause of the sickness and 
death of the animals (Chapman, 75, p. 461; Murie, '80, p. 23; 
Crane, '81, p. 460). 

No voice or production of a sound on the part of the dugong 
could be detected beyond the blowing already mentioned, that 
accompanies exhalation and inhalation and it is similar to that of 
the dolphins. Finsch leaves the question open as to whether or 
not there is a real voice. The earlier writers speak of a hollow 
moan or snort in the case of adult animals, and of a short, sharp 
cry frequently repeated on the part of the young (Brandt, '69, 
p. 235). However, Brandt thought all these sounds were pro- 
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duced by dying animals only, for Steller likewise stated that the 
uninjured rhytinas never uttered a sound, while the wounded 
ones gave a sort of hollow moan. Also in the ease of the mana- 
tee no trace of a voice has been observed (Murie, *80, p. 22) though 
Murie believes that this may be different under other circum- 
stances. Nevertheless it is to be remembered that the Sirenia 
have no vocal cords and that therefore sounds or noises may per- 
haps arise through vibrations of the laryngeal cartilages and should 
thus presumably take their course out through the nose. 

As regards the activity of the sense organs the dugong as well 
as the manatee has reached a considerable degree of develop- 
ment. To many sense organs we are unable to assign a very 
definite function. This is true of the senses influenced by chemi- 
cal stimulation, particularly the organ of taste, although as Gmelin 
('92, p. 18) has shown, a taste organ is found in the manatee in 
the form of a so called papilla foliata. The care shown in the 
selection of food likewise points to a certain taste function. It is 
still more diflScult to demonstrate the function of the organ of smell 
since the olfactory region is a nasal tract that is hermetically closed 
when under water. And yet Chapman claims that in conformity 
with the well developed bulbi olfactorii, the sense of smell must 
be very keen, for it was observed that his captive manatee seemed 
to become aware of food thrown in the water through its sense of 
smell rather than by any other sense. Brown (78, p. 295) says 
the same, referring to Chapman. 

Boenninghaus (:03, p. 91) has pointed out that mammals that 
seek their food in the water, can make no use of their sense of 
smell in obtaining it because the nose is tightly closed in diving. 
Even if this were not the case, he continues, mammals would 
still be unable to smell under water since the necessary stimulus 
for their olfactory nerves consists of scent particles which are 
held in suspension in the air and not, as with fishes, those that 
are suspended in the water. The disuse of these organs in the 
case of whales has led to their partial atrophy or total disappear- 
ance. Thus in the toothed whales the olfactory nerve is lacking, 
and correlated with this is the reduction of the exethmoid bones. 
In the Sirenia, however, in spite of a reduction in this bone, an 
olfactory nerve and bulbus are well developed, and this, too, not- 
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withstanding the objections just mentioned to the possibility of 
a smelling function. This possibility becomes a probability if 
not a reality by the observations on the manatee given above. 
From these observations it follows that in the Sirenia, at least, 
there is no connection between the reduction of the exethmoids 
and that of the olfactory nerve as there may be in case of the 
whales. It is also clear that the olfactory nerve as a functional 
structure must be capable of perceiving chemical stimuli that 
utilize water as the carrying medium instead of air as with land 
mammals. This assumption, of course, implies not only a par- 
tial functional adaptation of the olfactory nerve but it also limits 
such an adaptation to the herbivorous Sirenia alone. Finally we 
must also assume that the chemical stimulus, since it cannot 
reach the olfactory membrane in the usual way, must take another 
course, perhaps by way of the mouth, pharynx, and choanes. 

One more observation on the reflex irritability of the nasal 
membrane may be added here. Before the death of the captive 
dugong, Dexler endeavored to squirt water into the animal's 
nose as it drew in a breath. Instantly there came so violent an 
expulsion of the fluid — which had barely entered the nostril — 
that it was blown into a fine spray. The reflex was astonishingly 
violent and quick, and after it had taken place the nostril open- 
ings were fast closed as before. Thus the breathing movement 
that had been begun, was not completed. Surely so prompt a 
reaction is of the greatest importance for aquatic mammals. 
The action by which the nose is closed in case of the dugong is 
thus two-fold: voluntary and reflex. Water pressure as an aid 
is not necessary, or at least only auxiliary. 

The dugong's sight must be characterized as rather poor. 
Otherwise it would be impossible to capture the animal with 
so roughly constructed a net, as is actually done. Nets from 80 
to 150 meters long and from 5 to 6 meters deep are so disposed 
over the dugong's feeding grounds as to form a vertical wall. 
If a dugong comes in contact with the net, then it is usually all 
up with him; but a dolphin or a shark is never captured in so 
simple a manner. To be sure, the dugongs avoid the nets more 
easily on clear nights and for this reason the best time to take 
them is during the nights of the new moon. The cords of the 
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net are colored brown also. But if one is lucky he may capture 
the annuals during the full moon as well, and even with new nets 
of shining whiteness. A further proof of the poorly developed 
vision is the fact that the captive dugong did not notice very 
much the waving of a white or a black flag and that not infre- 
quently no notice was taken by the dugongs of the noiseless ap- 
proach of the boat so that it was possible to observe these ani- 
mals at very close quarters. Semon has remarked the same thing 
and the fishermen employed by Dexler asserted that they had 
repeatedly sailed right over feeding dugongs. This might be 
due, however, to the fact that it does not seem particularly shy 
(Semon) or that it is but little concerned for its own safety 
(Finsch). Feebleness of vision has likewise been recorded in 
case of the manatee (Chapman, 75, p. 454; Brown, 78, p. 295). 

Investigation of the eye in case of our captive dugong was very 
difficult and therefore inadequate. For in order to do this one 
must lie directly beside the animal on the sand, and as may be 
readily seen, this is, to say the least, disconcerting when one does 
not know what movement the creature may make next. More- 
over, the focal illumination was considerably hindered because 
the bulbi were deep set and constantly held pointing slantwise 
forward and downward, and the slit between the eye lids was 
narrow. Furthermore there flowed from the conjunctival sac 
such a quantity of tough, stringy secretion that the eye opening 
was constantly obstructed as with a thick plug. 

This had first to be removed and the short intervals before its 
re-formation were utilized in a rapid study of the front portion 
of the eye. It was impracticable to expose the bulbus by open- 
ing the eye lids with one's fingers for these were closed tightly 
at the slightest touch. If they were forcibly pressed apart the 
nictitating membrane was then pushed up and the bulbus re- 
tracted in such a way that it disappeared under the membrane 
and the periorbital masses of fat that were forced forward. After 
five or ten minutes there appeared at the bottom of the fatty 
funnel thus formed a bit of the cornea like a small black spot 
which became no clearer in spite of long waiting. When the 
finger was removed the eye returned to its proper place, but for 
hours after it remained more deeply in the socket than it had 
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been before the investigation. This retraction movement took 
place independently of the position of the other bulbus. 

By combining a number of partial observations, only the fol- 
lowing particulars could be made out: a very strongly curved 
comea, a considerable mobility of the blackish brown iris which 
reacted promptly to light, an indistinct radial striation, and a 
circular pupil. 

The use of the ophthalmoscope seemed at first to be attended 
with no results, for nothing but a deep black was visible. Then 
at a chance motion of the dugong's eye the small, round rose- 
colored papilla or the disc of the optic nerve came in sight. There- 
upon further exploration of the retina was made though without 
additional results. The entire area of all four quadrants con- 
sisted of a deep black continuous tapetum nigrum in which no 
details could be made out, as is likewise true to some extent in 
case of the ventral portion of the fundus of the horse. In order 
to perceive clearly the few extremely delicate capillaries that 
radiated to the tapetum from the upper rim of the disc required 
an increase of the observer's myopia from 2^ to 5 dioptria from 
which may be deduced the degree of short-sightedness of the 
animal when out of water. The refraction of both eyes was the 
same. 

It is noteworthy that the dugong also exhibited a certain dis- 
like for bright light. At least one may sp conclude from the 
eagerness with which it sought the shadow cast by the hull of 
the cutter. 

In the manatee the pupil is round in life, but is transversely 
oval when the animal is dead (Murie, '80, p. 24). The dugong's 
pupil did not change shape after death. As in the manatee the 
nictitating membrane is well developed and freely movable. The 
eyelids are contractile and can be brought together until there is 
only a small slit, 12 mm. long, that remains not quite closed. 
The complete isolation of the bulbus from the exterior is effected 
by the nictitating membrane and the periorbital fat. The lids 
when closed are deeply wrinkled in a radial fashion, on account 
of the very strong orbicular contraction. This fact disposes of 
Patter's (:03, p. 369) assumption based on the study of an em- 
bryo dugong whose eye slits were 5 mm. long and 3 mm. broad. 
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that the eye lids as in case of the whales cannot be opened nor 
approximated. The copious secretion of the conjunctival sac 
has already been mentioned. In our captive the string of slime 
was of the consistency of the white of an egg, was as thick as 
one's fingfer, and flowed over the entire eye and down to the 
ground. That this secretion might be due to the irritation caused 
by the atmospheric air or the unaccustomed light immediately 
suggested itself, but in all the animals taken the secretion was 
similar without any difference in regard to mass, thickness, con- 
sistency, nor transparency and thus possessed properties not 
present in a catarrhal flow. The corneal reflex was easy to demon- 
strate and the eye lids were always held open. 

The eyes of the dugongs that were dead when taken, were 
always injured even if they had hung in the nets only six or eight 
hours. In such cases there were uneven scratches with finely 
serrated edges, spreading superficially or even onto the mem- 
brana descemeti. They were always interior to the poles of the 
cornea, which lay free in death. The lens usually showed star- 
shaped to diffuse whitish cloudy spots that generally became 
more pronounced the longer the body was allowed to remain in 
the water. These spots were doubtless phenomena incident to 
death. The secretion of so great a quantity of slimy viscous 
matter from the conjunctiva is a protective adaptation to keep 
the surface of the eye from injuries from the sea water or its plank- 
ton fauna. If the slimy covering fails then the bulb of the eye 
is without protection. In this way are caused the scratches above 
mentioned, of whose traumatic nature there can be no doubt. 
In some specimens this even results in the eye lids becoming so 
abraded that they bleed freely. 

The presence of a slimy protective coat for the eye has also 
been demonstrated for the whales, only in them it is not watery 
and mucous as in the dugong, but oily for otherwise it would be 
too easily washed away by the sea water (Putter, :03, p. 370). 
Thus in the Cetacea a change of function has taken place in the 
glands of the eye as an adaptation to the conditions of aquatic 
life, and their products are likewise changed. 

The copious secretion of mucus from the dugong's eye has 
long been known to many of the islanders of the Malay archi- 
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pelago. All sorts of fantastic tales are associated with the so 
called dugongs' tears, in regard to their use as a powerful charm. 
Brandt ('69, p. 274) speaks only of the young dugong's shed- 
ding tears and that these were carefully gathered because they 
aroused in the possessor an affection as strong as that of the female 
dugong for its young. This belief was taken advantage of by 
the German and French perfume makers in order to assure a 
better market in Java for their perfume imported under the name 
of "dugongs' tears," "ajer mata doejoeng" (Dexler, :05, p. 200). 

In contrast to the senses hitherto mentioned, that of hearing 
appears to be very well developed in the dugong. Both in the 
water and on the land the animal seemed to be much more affected 
by sound impressions than by those of sight. The dugong lying 
on the beach winced considerably at a sharp squeaking sound 
made by drawing in air between the puckered lips, as do also the 
guinea pig and the mouse. Only after numerous and quickly 
repeated stimuli of this sort did it remain motionless. Whether 
its ear was acoustically over sensitive with the absence of water 
pressure could not be determined. Nevertheless some sort of a 
stimulating influence is within the range of possibility since the 
meatus acusticus externus de norma transmits the pressure of 
the water to the ear drum. Also in the great size of the ear bones 
is seen an adaptation for hearing under water and not in the air, 
just as in whales (Boenninghaus, :04, p. 282). Evidence for 
keenness of hearing in the dugong b also found in Finsch's state- 
ment to the effect that in setting out the hunting-scaffolds for 
capturing the dugong, one must work with great care since the 
slightest rattling of these is said to be enough to frighten the ani- 
mals away. Also in harpooning them one must proceed with 
absolute silence (Fairholme). Dexler's fishermen gave the floats 
of their nets a wedge-shaped form in order, as they claimed, to 
obviate the slight noise produced by the waves in striking floats 
of any Other shape, and so frightening the animals away. But 
as a matter of fact the dugongs were rather frequently captured 
when the floats splashed loudly. 

Besides the sense of hearing, we must also accord a fairly good 
development to that of cutaneous sensibility. The large upper 
lip appears to be very richly provided with nerves of feeling and 
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as is evident from its anatomical construction, it is especially 
adapted for a manifold touch function, a fact that is of the greatest 
importance in the procuring of food. Apparently it serves in 
some degree to offset the seemingly poor eyesight, so that the 
animal in its wanderings over the beds of seaweed may be ac- 
quainted of the presence of blocks of coral, stones, and the like. 
The finely developed sense of touch in this organ is also shown 
by the fact that it was never found to be injured, in contrast to 
the skin of the rest of the body. 

The presence of numerous scars and scratches on the skin of 
the back and sides of the body is characteristic of the dugong. 
As to their origin one can only guess. A very small portion of 
them may be set down as due to the wounds from the tusks of 
the males. Even in the oldest of 25 specimens examined, these 
tusks projected only 32 mm., and on their median sides they were 
almost entirely covered by the palatal processes. They are there- 
fore very pooriy adapted for making wounds. Possibly the ani- 
mals wounded themselves in their endeavors to scrape off clinging 
parasites. The fishermen give a different explanation: they 
maintain that they have often seen the dugongs while at play, 
wound their backs on stones and corals as they rolled or swam 
about on the bottom. They thought the dugongs did this par- 
ticularly over beds of Pinna shells, but it was impossible to deter- 
mine this point. 

There is little to be said in favor of the much discussed intel- 
ligence of the dugong. We have thus far seen no convincing 
evidence for according a particularly high degree of acuteness 
to a single one of the animal's senses. The senses of hearing 
and touch may be deemed the most highly developed; then, in a 
descending series, sight, taste, and smell. But even the keen- 
ness of hearing accorded the dugong cannot be compared with 
thai of a really very keen-eared animal; otherwise the fact would 
be inexplicable that it is possible, though rarely to be sure, at 
times to sail up to feeding dugongs. When Dexler saw the herd 
of dugongs, previously mentioned at Moreton Bay, his men were 
rowing with splashing oars and without particular precaution. 
It must also be recalled that the often emphasized sound stimulus 
in water may frequently be communicated by the sensitive skin 
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and mucous membranes of the head as well. The other senses, 
as before mentioned, are much less well developed. Consider- 
ing the manifestly slight capabilities of the peripheral sense organs, 
it can hardly be concluded that the central nervous system has 
reached a high state of development. In fact, the brain of the 
dugong is not only relatively small — j^-^ to ^J^ of the weight 
of the body — but as we shall show in a later paper, it is so lowly 
organized that only a comparatively slight degree of intelligence 
may be presumed in this animal. A further proof of the stupidity 
of the Sirenia is found particularly in their behavior towards 
enemies, in their defencelessness, and in the ease with which they 
may be killed and exterminated. 

Another question which we will here treat at further length 
is that of the use of the flippers. While on the one hand it is 
assumed (Freund, : 04, p. 346, and elsewhere) that the flippers 
of the Sirenia are used as paddles and balancing organs, on the 
other hand it is supposed (Abel, :04, p. 186, etc.) by way of ex- 
plaining certain anatomical changes, that their function is that 
of supports. In the dugong, particularly in case of the specimen 
that lay on the shore, one could clearly see that movement from 
place to place in the water was accomplished solely by means of 
the caudal fin. The pectoral limbs were held motionless at the 
sides, and directed backwards. If one endeavored to roll the 
dugong over on its side, it began to strike out with its tail but 
allowed its pectoral limbs to remain where they were. Active 
movements of the flippers for the purpose of locomotion on dry 
land were not observed. 

There has been very little recorded as to the movements of 
the dugong on dry land in general, where a use of the append- 
ages in locomotion is to be presumed. Klunzinger makes only 
the indirect statement that in the northern part of the Red Sea 
they are frequent in winter especially in December and January, 
and that otherwise they seldom go to the land. Finsch (:01, p. 
10) speaks of an account by Leguat who was led to Rodriquez, 
in 1691, mainly on account of a dugong that was seen lying on 
the shore. Still, in Finsch 's opinion this was a stranded animal 
since the dugong does not voluntarily go onto the land, and more- 
over has nothing to seek there. If a dugong be captured and 
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thus forcibly brought to land, it may live 24 hours he was told 
by old Kabury on Palau. This observation is corroborated by 
that on our dugong which passed an even longer time — 48 hours 
— on land. It appears therefore that the dugong has not been 
actually observed to come out onto the land of its own accord, 
and in our opinion such a procedure is out of the question since 
the pectoral limbs are insuflBcient to enable the animal to do this. 
In no wise can it be established, as Brehm would have it, that 
''one can at least assume that those dugongs that have been seen 
lying on the shore were left by the ebb tide and were too sluggish 
to push their heavy bodies into the water again, preferring rather 
to wait quietly the next flood tide." They are simply incapable 
of using their anterior limbs, even as supports, on dry land. The 
possibility still remains that they support themselves on their 
flippers while gathering their food in the water. But against 
this supposition, in the first place, are their observed manner of 
feeding and the so called dugongs' tracks. In the second place, 
the difference in specific gravity between the animal's body and 
the supporting medium, cannot, in view of the considerable mobil- 
ity of the dugong, be such as to entail any great burden on the 
limbs. Thirdly, the slender form of the appendages, their rela- 
tively small size, and finally the uninjured epidermis on the parts 
in question, furnish evidence against their use as supports in the 
water. Also in the case of the manatee, here adduced for com- 
parison, the use of the flippers as organs of support is denied rather 
than maintained. Moreover, Brandt cites three authors who 
conclude from the manner of capturing the American manatee, 
that it is incapable of getting back to the water (by the aid of the 
limbs) if left up on the dry land. Garrod (77, p. 139) says very 
decidedly that his manatee seemed wholly unable to move either 
forward or backward on the land. It made use of the limbs in 
sidewise movements only, at the same time twisting the body and 
tail. Chapman (75, p. 461) and Murie ('80, p. 26) observed 
that their manatees swam quietly about at the bottom of the aqua- 
rium with the body sharply bent and the head and tail pointed 
downwards. Neither author says a word about their supporting 
themselves on their flippers, and Murie figures the animal in 
the posture described, with the limbs hanging down. He men- 
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tions their aid only in the taking of food. Brown (78, p. 29f>) 
brings up still another argument against the possibility of a nian- 
atee being able to leave the water by aid of its flippers, naraelv 
the weakness of these organs, and his investigations into this 
matter also resulted negatively. Crane ('81, p. 457) makes a 
similar statement, basing his opinion on the generally clumsy 
movements of the animal when on dry land as well as on certain 
other considerations. Opposed to these observations are only 
the statements of Cunningham (70) and Noack ('87, p. 299). 
The former saw a manatee support itself above the water by its 
flippers in order to crop the grass at the edge of the shore. This 
was done in such a way that one limb rested upon the shore. The 
latter author goes still further, for he states that the manatee is 
able to come out and move about on the land. "The animal 
(A/, senegalensis) can actually move from place to place, though 
in a hobbling and unsteady manner. In so doing it supports 
itself on its wrists [I] and the outer edge of the forwardly directed 
hands, moving them alternately, and thus it progresses forward, 
though slowly, wriggling its body as it goes." But one may also 
suppose that the wrigglings of the body were the primary and 
locomotor movements, while the motions of the flippers might 
have prevented the body from falling over. In any case the 
position of these limbs as described is very remarkable! Noack 
relates that his manatee while in the water used its flippers to 
remove from its mouth pieces of bread that had proved too large. 
But as for a supporting function of these organs while in the water, 
Noack likewise knew of no evidence. 

To sum up, it must be said, then, that scientific observation 
on the sea cows (for in case of the rhytina, also, Steller mentions 
that they are unable to move about on land) has hitherto pro- 
duced but slight evidence that would permit us to assume so con- 
siderable a use of the flippers for body-supports as would explain 
the development of many anatomical details. Nevertheless, 
theoretically one may suppose it has only chanced that the use 
of the limbs as supports has been so seldom seen. But on theo- 
retical grounds also, considerable objection may be raised against 
the evidence brought forward by Abel (:04, p. 166) as has already 
been done in the course of this discussion. We should remember 
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that the Sirenia have arisen from air-breathing land forms of 
Manmialia; further we should not forget that their terrestrial 
type, with its adaptations of the body to pressure and weight, 
is greatly modified by adaptations to an aquatic life. Thus as we 
trace the evolution of the Sirenia, their mechanical adaptations 
to terrestrial life will be less and less noticed while those for aquatic 
existence will increasingly force themselves upon our attention. 
In like manner the anatomical changes brought about by these 
adaptations show the same progression. Such convergent ana- 
tomical changes in animals of the same biological environment 
are due to the influence of identical causes. In the case of these 
water mammals where proof of such changes is impossible to-day, 
we need not always assume different causes; here the same causes 
were acting on different objects {e, g,, Cetacea and Sirenia) and 
therefore it is conceivable that the same causes may bring about 
different results. 

The dugong is the host of great numbers of parasites, both 
external and internal. On its back, as with whales, numerous 
barnacles establish themselves; a few Balanus but mostly Chel- 
onobia. Internally, at the opening of the inner nares, on the 
dorsal surface of the velum palatinum, but particularly in the 
Eustachian tubes of both sides, were found numerous leaf-shaped 
trematodes from 3 to 5 mm. long clinging to the membrane in 
a mass of an hour-glass shape. These must have been identical 
with the Opisthotrema cochleare described in 1884 by Fischer. 
He had received them from Semper (of Wiirzburg) who collected 
them in the Philippines from the tympanic cavity of the dugong. 
I^uckart also, in 1875, described a trematode from the Eusta- 
chian tube of the dugong under the name of Monostomum dujonis. 
Von Linstow (78) considers both forms as probably identical. 
The favorite habitats of these trematodes give, we believe, an indi- 
cation of the path by which the infection has spread in case of 
the dugong, namely, from the nose, to pharynx. Eustachian tubes, 
and tympanic cavity. To be sure, Boenninghaus ( : 04, p. 259) has 
controverted the idea that in case of the parasites of the whale's 
ear the path of infection has been through the pharynx and the 
Eustachian tubes. He himself mentions a nematode, Pse^4daliwt 
minor Kuhn, from the ear cavity of Phociena. Moreover, von 
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Linstow records Strongylus arcticus Cobb from the ear of the 
beluga, and Pseudalitis alatus from the Eustachian tube and the 
pharynx. 

In the alimentary tract of the dugong, trematodes occur in 
the gut and the caecum. In the small intestine some very large 
worm masses were observed, whose composition could not be fully 
determined. In addition, a species of Ascaris has long been 
known from the digestive tract and numerous specimens of this 
were also found in the glands of the stomach. It is Ascaris 
halicoris Owen, also wrongly called Ascaris dugonis Brandt. 
Whether the Ascarid seen by Steller in the rhytina is identical 
with that found in the dugong cannot now be determined. Two 
endoparasites are also described from the manatee: a nematode, 
Heterocheilus tunicaius Diesing, and a trematode, Amphistomum 
fabaceum Diesing (von Linstow, 78, '89). Chapman ('75, p. 
456) found the large intestine of his American manatee fille<l 
with the latter. 

Veterinary Institute op the 
German University op Prague 
Austria 
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CORRESPONDENCE 
Oongress of Oceanographers 

Editor of the American Naturalist, 

Sir: — I enclose copies of correspondence in regard to a Congress 
on Oceanography which is to be held in connection with the Colonial 
Exposition at Marseilles, France, in 1906, and in compliance with the 
French Ambassador's request, invite your attention to the desire of 
the organizers to secure the cooperation at the Congress of the asso- 
ciations and individuals named in the accompanying list, the Amer- 
ican Naturalist being among them. 
I am, sir, 

Your obedient servant, 

RoJiERT Bacon 
Acting Secretarij 

Department of State, Washington 
October 11, 1905 

Translation of Letters from French Embassy 

Mr. Secretary of State, 

The Minister for Foreign Affairs has sent me a letter in which 
Mr. Charles Rouse, Commissioner General of the Colonial Exposi- 
tion to be held at Marseilles in 1906, expresses the wish to have the 
attention of the Government of the United States invited to the sec- 
tion of Oceanography of that Exposition. 

In order to comply with this request, which is particularly com- 
mended by the Minister of Commerce and Industries, the FrtMich 
Ambassador desires to request the Federal Government kindly to 
invite those persons in America, who make a study of oceanography, 
to take the result of their studies to the Marseilles Exposition, com- 
municating to the particular ninth section of said Exposition, the 
resultjj of their research and to participate in the Congress on Oceanog- 
raphy which will be organized under the auspices of the section in 
question. 

I shall thank Your Excellency for kindly informing me in order 
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that I may notify my Government, of the replies which the Depart- 
ment of State shall receive to this communication. 

Accept, Mr. Secretary of State, assurances of highest esteem. 

Des Portes 
Embassy of the French Republic 

IN THE United States. Washington 
October 2, 1905 



Mr. Secretary of State. 

Under date of September 11 last, this Embassy had the honor to 
invite attention of the Department of State to the interest felt by 
the Republic in the Colonial Exposition at Marseilles, and partic- 
ularly the Section of Oceanography and Sea-fishing, which is a part 
thereof. Referring to that communication as well as to the kind 
reply made by the Department of State, I take the liberty of trans- 
mitting herewith to Your Excellency a list of the associations and 
individuals who, in the opinion of organizers of the projected reun- 
ion, would be especially apt to contribute to its success. 

I should be very grateful to Your Excellency if you would request 
them to signify their adhesion to this important international mani- 
festation which promises to be of great scientific as well as practical 
interest. 

Accept, Mr. Secretary of State, assurances of my high esteem. 



JUSSERAND 



Embassy of the French Republic 

in the United States 

Newport 

September 11, 1905 



(No. 468 vxis issued Dec. 14, 1905) 
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THE UNITY OF THE GNATHOSTOME TYPE 
HOWARD AYERS 

Since zoologists have recognized the simple nature of the 
Cyclostome fishes there have been many contributions to our 
knowledge of their structure and many discussions as to their 
nature and their true zoological position. 

The increase in our knowledge of the anatomy of amphioxus 
and the clearing up of its development by the investigations of 
Kowalevsky, Hatschek, and Willey, have increased the amount of 
interest in these discussions and have added to the subject an en- 
tirely new phase in that the amphioxus, instead of being longer 
considered a zoological curiosity, a degenerated or aberrant form, 
has become the center of an intense and searching discussion of 
the origin and relationships of the Vertebrata; and amphioxus 
has thus come into its own by being recognized as an ancestral 
form in the genealogy of the vertebrate stock and the oldest living 
relative and representative of this group of animals. 

We can now see clearly enough that the Marsipobranchia and 
the Acrania both stand in the relation of ancestors to the verte- 
brates above them, and there is no longer any doubt, while recog- 
nizing to the full the many unsolved problems in connection with 
its structure and development, that amphioxus belongs to the 
group of forms, the Prospondylia, predecessors of the Archicrania, 
from which the Cyclostomes are directly descended. It must 

75 



Digitized by 



Google 



76 THE AMERICAN NATURALIST [Vol. XL 

be admitted that the gap between amphioxus and Bdellostoma 
is very great, both as regards time and the amount of the trans- 
formation of structure which it has undergone, and that in many 
things we cannot yet satisfactorily explain the manner in which 
this transformation has come about. 

On the other hand, we may with certainty say nearly as much 
about the gap between the Cyclostomes and the other Gnatho- 
stomes, but the absence of complete knowledge has never been 
permitted to blind unprejudiced minds to the just estimate of 
the known facts, in any zoological problem. 

Recent advances in our knowledge of the Marsipobranchs 
render Haeckel's estimate of the amount of difference between 
the Cyclostomes and vertebrates above them quite untenable. 

He says (Syst, Phylog., vol. 3): "Eine tiefe morphologische 
Kluft und ein entsprechend langer historischer Zwischenraum 
trennt beide Classen der Agnathonen nicht bloss von den echten 
Fischen, sondem auch von alien iibrigen Vertebraten die wir in 
der Hauptgruppe der Amphirhinen oder Gnathostomen zusam- 
menfassen." 

There is no reason why we should, at the present time, follow 
partisans of any genealogical theory of the origin of the verte- 
brates in ignoring the many anatomical and embryological facts 
which we now possess and which clearly enough establish the 
genetic relations of these forms. 

Some writers are too prone to assume the existence of large 
groups of extinct forms intermediate between the groups of exist- 
ing vertebrates and between these and those forms from which 
the vertebrates have descended — which have disappeared with- 
out leaving any trace of their structure in recent forms. 

There is neither anatomical nor embryological ground for the 
removal of amphioxus from the vertebrate class, and we may 
express our view of the relation of existing forms thus: — 

VERTEBRATA 

Amphioxus — Leptocardia — Acrania 
All others — Pachycardia — Craniata 

and by the following table: — 
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Genealogical Tree of the Ichthyopsida 



Amphibia 



Teleostei 
Ganoidei 



Petromyzon 



Myxinoidea 
f 6astrobraiictaa\ 
Myxine ) 
^ Bdellostoma / 

Ammocoetes 



Dipneusta 

I 
I 



Selachia 



Protomyzpntes 

Paleospondylus 

! 



Leptocardia 

(Branchiostoma \ 
Paramphioxiu ) 
AsymmetroD / 



Tunicata 
Thalidiae 
Ascidia 
Cqpelata 



Protoichthyopsida 



Gnathostomata 



- Archicraniata 



/ Agnatboua Pachycardia \ 
vType form of the Craniata/ 



Prospondylia 
(Type form of Acraniate Vertebrates) 



-Protochordata 



(Type form of the Ghordata) 
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Before taking up the question of the unity of the Gnathostome 
type, a brief consideration of some of the general features of the 
vertebrates will clear the way for a better understanding of the 
arguments and facts which bear on the solution of the problem. 

First of all we may well consider amphioxus as a typical ancestral 
vertebrate. 

The Vertebrata, as we find them to-day, form a morphological 
unit in much the same way that the birds form a closed group — 
and it is only through paleontology that the shading off of the 
group into lower forms is to be found or proven. That the verte- 
brates have arisen from a common source is a statement which 
cannot to-day be questioned, for the present state of our knowl- 
edge of their anatomy, ontogeny, and physiology is a practical 
demonstration of the problem. Each increase in our knowledge 
only makes the demonstration stronger. All three fields of inves- 
tigation — comparative anatomy, comparative embryology, and 
paleontology — unite in one affirmation of this fact. All three show 
that there has been an orderly progression (to use only living 
forms as examples) from amphioxus to man. No one can read 
Basse's Das naiurliche System der Elasmobranchier, to mention 
only one of many similar investigations, without having the fact 
of the historical succession of these early vertebrates indelibly 
impressed upon his mind. The genetic relationships of this 
procession of Selachians from the earliest geologic ages, when 
the fossiliferous records of the vertebrate stock were begun, is 
proven by the comparative morphologic study of the skeletons 
of extinct and recent forms and this proof is strengthened by the 
as yet only partial, embryonic record which has been worked out 
by many investigators. The course of development is marked 
by the retention in all living forms of all the divergent branches 
of vertebrates, from amphioxus up to the mammals, of the same 
fundamental arrangement of organs and systems of organs, and 
by the same general cellular structure. The variations in arrange- 
ments of the organs and the differences in the histological details 
of the tissues are not greater than the variations of the external 
form or of the shape of the internal organs. These are large facts 
of fundamental value, and have a greater morphologic worth 
than the many minor variations can possibly have, even when 
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taken together. They prove the essential unily and genetic 
relationship of all the Vertebrata. 

Semper's view that amphioxus is not a true vertebrate has long 
since been effectively disproved, and the most forceful part of 
the proof that amphioxus does belong to the ancestral stock of 
vertebrates is contained in its simple palingenetic development, 
at least so far as the earlier stages are concerned. 

The method of laying down the gills up to the time that the 
secondary gills are established, is in every way comparable with 
the processes of gill formation in Bdellostoma. The transforma^ 
tion of the brain up to the apex of its development is similar to 
the development of the vertebrate brain, the only diflFerence being 
that it stops its growth in a very primitive stage of the Craniate 
brain. The differentiation of the tissues is in every respect the 
same as that occurring in other vertebrates, except that the proc- 
ess of tissue formation does not go as far, while some tissue sys- 
tems, which appear in upper vertebrates, are never developed in 
amphioxus. For example, the masses of connective tissues com- 
mon to other vertebrates, in the form of true cartilage and bone, 
are not even hinted at. The statement that its tissues are epithelial 
is most erroneous. 

The lack of formation of such structures as jaws, chambered 
heart, lacunar hepatic gland, cartilaginous skull, etc., is certainly 
to be put down as a palingenetic characteristic. 

When we seek the type form of the vertebrate stock we are 
forced to look to the invertebrates as the source of origin. Almost 
all the groups of the Metazoa have been searched for the ancestral 
type, and in nearly every case a type-form has been discovered 
which shows the means of descent sufficiently satisfactory to the 
individual zoologist to warrant a long and careful discussion of the 
manner in which the morphologic and physiologic changes have 
come about that have resulted in producing the vertebrates as 
we find them to-day. 

Three types of structure have, however, been used more fre- 
quently than the others. They are, respectively, nemertean, 
annelid, and arthropod. All three of these types possess a suf- 
ficient number of characteristics in common with the vertebrate 
type to warrant many parallels being drawn between each of them 
and the vertebrates. 
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The great diflScully in the way of accepting any of the well de- 
veloped jointed invertebrates as the apcestral vertebrate type lies 
in the necessity of a revolution of the body through an angle of 
180 degrees, whereby the dorsal surface of the invertebrate be- 
comes the ventral surface of the vertebrate; and also in the con- 
comitant necessity of the formation of a new mouth and the total 
disappearance of any trace of the old mouth. While there is, at 
the present time, abundant evidence to show that the functional 
mouth of the vertebrate of to-day is a nepmorph, and that the origi- 
nal mouth was situated at a point anterior, and dorsal to the pres- 
ent location, it does not follow jand the evidence does not tend to 
show, that the old mouth corresponds in any way to the mouth, 
e, g., of the arthropod. 

This translocation of the mouth from the invertebrate ventral 
to the vertebrate ventral surface must, have been connected with 
the reduction of the.circumoesophageal njerve ring, and with the 
total disappearance of that section of the stomodeeum which con- 
nects the mesenteron with the mouth by preforating the nervous 
system through the territory of the circumoesophageal nerve ring. 

The fact that the stomodeeum no longer, perforates the nerve 
ring is a fact which must be satisfactorily explained by in some 
way discovering the stages through which the transformation has 
passed from the invertebrate to the vertebrate condition, or the 
genealogy of the vertebrate stock with the arthropod as the an- 
cestral form cannot be satisfactorily explained. 

There is great doubt that the vertebrates are derived from a 
highly organized annulate invertebrate. They are more probably 
a distinct branch split of! from the unsegmented worms, and de- 
veloped independently. Many are the theories which have been 
offered to harmonize the annulate and the arthropod conditions 
with the vertebrate, but none of them have accounted for a suflB- 
cient number of facts to warrant their general acceptance, and, as 
above stated, the main diflBculty has consisted in the inability to 
picture the revolution of the invertebrate body in such a way as 
to make it physiologically possible in living forms. 

It matters not what position we take with reference to the origin 
of the vertebrate stock, when we arrive at the stage of development 
represented by amphioxus we are compelled to admit, in the light 
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of our recent knowledge, that amphioxus is a true vertebrate, lack- 
ing it may be the first trace of the craniate skeleton, and lacking 
many of the other features which are characteristic of most of 
the existing vertebrates, but is, nevertheless, the only existing form 
which serves as a connecting link between the simple ancestral 
type of structure and the more complex anatomical and physi- 
ological conditions of the higher vertebrate. 

Some zoologists have recently re-uttered Semper's opinion, that 
amphioxus is not a true vertebrate, but such restatement of Sem- 
per's opinion is justly to be compared to the restatement of the 
opinions of the older zoologists, who at various times held amphi- 
oxus to be a worm, a mollusc, and a tunici^te. Instead of making 
assertions as to what amphio;xus is or is not, the only scientific 
method of solving the problem of its actual position in the animal 
series is by a careful study of its structure and a comparison of 
this with the structure of the lower vertebrates. Such comparison 
proves beyond the shadow of a doubt the relation of the amphioxus 
to the lowest fishes. 

A review of some of the salient features of amphioxus' anatomy 
will not be out of place at this point. As regards the form of the 
body, all zoologists recognize the fact that the shape of the verte- 
brate body is a result of the direct response of the organism to its 
environment, particularly the necessity of locomotion. The lancet 
shape of amphioxus b due to its burrowing habit. The lack of 
paired appendages is due to the fact that amphioxus represents 
the stage of the development of vertebrate structure when such 
appendages had not yet been developed. The median fin folds 
are well developed, both in the head and in the caudal region, and 
serve the same function in essentially the same way that they do 
in other vertebrates. There is no trace of a quasi lateral fin fold, 
nor of the buds of lateral appendages in the amphioxus, but neither 
of these are found in the Cyclostome fishes, which are much more 
highly organized than amphioxus. 

The lack of. the development of paired appendages in amphi- 
oxiis and the Cyclostomes is not a mark of degradation, or degen- 
eration, as some zoologists would put it, becaqse the whole course 
of their development and the facts of their morphology prove con- 
clusively that these structures were not called forth by the response 
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of these animals to the stimuli of their environment in the direction 
of pedal locomotion on the sea bottom. It is highly probable 
that these appendages arose as ventrally projecting bar-like struc- 
tures, to enable the bottom-living forms (since all were bottom 
dwellers to begin with) to move more readily from place to place 
on the surface of the sea floor while remaining in contact with the 
sea floor, thus avoiding the necessity of the more diflScult feat of 
balancing themselves in the lighter ambient fluid above the earth 
floor, in the effort to effect a change of place. 

Paired appendages then did not arise as fins for the purpose of 
balancing the animal in the water, but the paired fins of fishes have 
been developed by the transformation of the primitive paired or- 
gans of locomotion, of which the paired appendages of the Amphi- 
bia and their descendants are the direct and, in their simplest 
forms, the least modified derivatives. 

When one studies the life habits of amphioxus and Bdellostoma 
in their natural element and, at the same time, the history of their 
development, he no longer entertains the idea that these animals 
have lost paired appendages once possessed by their ancestors, 
but will, and can only, say that they are the ancestral forms of 
animals possessing paired appendages, and that in the case of 
amphioxus and of Bdellostoma we have two stages in the response 
of the vertebrate stock to the stimulation of the environment 
looking toward the formation of locomotor appendages. 

They are both bottom dwellers of necessity, although they take 
occasional excursions into the superambient water, but quickly 
fall back, from the force of gravity, to the bottom. These excur- 
sions into the superambient liquid are effected by the motion of 
the caudal fin from side to side. This fin is the main organ of 
locomotion used by all fish-like vertebrates for progression through 
the water. 

When amphioxus strikes the bottom after such an excursion, 
it lies quietly upon its side, since it is unable to coil its body suf- 
ficiently to lie on its ventral edge. Most of its life it passes buried 
in the sand. To enter the sandy bottom in which it lives, it first 
makes an excursion into the superambient water and then descends 
head first upon the sandy bottom, boring its way among the parti- 
cles of sand. When swimming it maintains its body in the dorso- 
ventral position. 
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In the case of the Bdellostoma we have a very different con- 
dition. The Bdellostoma possesses a body remarkable for its 
flexibility and its elasticity, and is fitted not only to swim in a 
dorso-ventral position, but during life, when it rests upon the 
bottom, always does so with a dorso-ventral orientation. While 
amphioxiis shows a distinct inability to orient itself and main- 
tain equilibrium in this position for any but the shortest periods 
of time, Bdellostoma exhibits in a high degree the capacity to 
maintain its position with ease, accuracy, and for an indefinite 
period. This capacity for the equilibration of its body without 
the possession of paired appendages is both remarkable and de- 
serving of more careful study than has yet been given. 

With the possession of a simple ear, the tubular portion of 
which lies in one plane of space, and with the lack of equilibrating 
paddles in the form of pectoral and pelvic appendages, Bdellostoma 
maintains its position while in motion with at least as great pre- 
cision and as great apparent ease as any of the vertebrates possess- 
ing paired appendages. 

It is clear, then, that it is not the necessity for the equilibration 
of the body thai has brought about the development of the paired 
appendages in the vertebrate stock. 

Since the formation of the paired appendages in all other water 
dwellers besides fishes is for the purpose of moving the body over 
the bottom, that is locomotion, it becomes vei^ probable that the 
fish fin is a secondary structure, derived from the primitive pedal 
appendages, which were used by the ancestral form exclusively 
for locomotion. 

This effectively disproves the theory of Gegenbaur of an 
ancestral archipterygium, and the Thatcher-Balfour lateral fin- 
fold theory, and it removes from the field of vertebrate morphology 
one of the most diflBcult problems which it has been called upon 
to solve, by simplifying the conditions of the problem. 

While Bdellostoma is able to swim with ease, accuracy, and 
precision, and thus change its position in space either for the 
purpose of capturing prey, avoiding its enemies, or seeking a 
new position upon the bottom, it is not able to progress upon the 
bottom except by using the same swimming motion of its caudal 
region which enables it to progress through the water. It cannot 
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be said, however, to possess the power of locomotion except by 
swimming or springing. Undoubtedly the next step in the trans- 
formation of the Bdellostoma-like body of the ancestral Gnath- 
ostome was the gradual formation of pedal appendages, which 
enabled it to move easily, certainly, and symmetrically over the 
bottom. 

It is just as erroneous to maintain any hypothesis which would 
derive the paired appendages of the Amphibia, for example, from 
the paired fins of fishes as it is to maintain the claim that the 
pectoral appendages (arms — forelegs) of land vertebrates are 
derived from the wings of birds. 

When we consider the structure of the nervous system we are 
again brought face to face with the fact that amphioxus represents 
a developmental stage in the central nervous system repeated by 
other members of the vertebrate stock. Its nerve cord possesses 
all the relations to the other main organs of the body that are pos- 
sessed by the central nervous system of other vertebrates. It 
lies immediately above the dorsal surface of the notochord in the 
hollow skeletal tube composed of a connective tissue membrane, 
in the walls of which, however, no chondroidal tissue is formed, 
and in which no calcareous matter has at any time been deposited^ 
but this condition of the protective tube of the central nervous 
system is reproduced in the development of all the other verte- 
brates, from the amphioxus to man. This tube is not surrounded 
by skeletij structure in the amphioxus, but it is perforated with 
lateral openings made through its lateral face for the exit of the 
nerves passing out from it and entering it. In this it is also in 
harmony with the conditions found in all other vertebrates. 

In the antero-posterior direction, the nerve tube is divided 
into two main parts, as in all other vertebrates, a brain and a 
spinal cord. While there are differences of histological value 
between the spinal cord of amphioxus and higher forms, this dif- 
ference is hardly greater than exists between species of the higher 
vertebrates above it. 

We may dismiss further consideration of this part of the nervous 
system with the statement that it is in every respect a vertebrate 
spinal cord. When we come to consider the structure of the 
brain, however, we find a simplicity in the arrangement of the 
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parts, which has until recently been an obstacle to most zoologists 
in establishing the homologies between the amphioxus brain and 
the brain of the Craniatay and even to-day very few anatomists 
know enough about the structure of amphioxus to be able to 
establish the homologies which are existent. 

Apparently the first zoologists to note the presence of the am- 
phioxus brain were Leuckart and Pagenstecker, who homol- 
ogized the entire brain vesicle of amphioxus with four ventricles 
of the Craniata. 

Owsjannikow later held the same view. In 1858, Professor 
Huxley, after careful examination, decided that the amphioxus 
neuroccele was the equivalent of the thalamencephalon of the 
Craniata. 

In 1860, Wilhelm Mtiller concluded that it corresponded with 
the thalamencephalon and the prosencephalon of the Craniata. 
He further determined the location of the pigment in the anterior 
end of the brain tube and found that the pigment granules were 
located in the anterior ends of the brain cells. He also discovered 
that the olfactory pit was connected with the anterior end of the 
brain. 

In 1861, Langerhans discovered the true relation of the olfac- 
tory epithelium of the olfactory tubercle of the brain. He decided 
that the amphioxus brain included the whole of the primitive 
Craniate brain. 

In 1891, I described in a brief way some of the anatomical fea- 
tures of the amphioxus, giving the following account of the brain. 
"The anterior end of the neural axis of amphioxus is a brain and 
corresponds with a certain definite portion of the brains of other 
vertebrates. Its anterior wall is the homplogue of the lamina 
terminalb of other vertebrate brains, and the anterior portion of 
its unpaired ventricle is the thalamocoele." 

"I would define the vertebrate brain as follows: the 'vertebrate 
brain' is that portion of the anterior part of the axial nerve cord, 
associated with organs of special sense, containing an enlargement 
of the central canal, which is carried out into all structures formed 
by the outgrowth of the brain wall. Its walls contain the prin- 
cipal centers for the coordination of sensations and movements. 
All further additions to this simple brain (amphioxus) are made 
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in response'^to the demands of the organs of special sense, with 
which is associated extension of the coordination apparatus. With 
such additions we have the compound brain of all other known 
vertebrates up to man, inclusive." 

"Reasons why the anterior end of the nerve cord of Amphioxus 
is a brain. It is a brain because: — 

1. It forms the anterior termination of the neural axis. 

2. It stands in intimate relation to the sense organs, eye, and 

nose. 

3. It gives oflF at least two pairs of sensory nerves provided with 

peripheral ganglia. 

4. It possesses large groups of ganglion cells forming centers of 

coordination. 

5. It possesses an enlarged section of the central canal in the 

form of an unpaired ventricle with three well marked 
diverticula — two optic, one olfactory. 

6. It is the largest part of the nervous system, at a time when 

the massive musculature and branchial apparatus of the 
anterior middle fourth of the body have not reached the 
stage requiring much enlarged central accommodations. 

7. It shows in young larvae growth to such an extent as to cause 

a ventral flexure of the chorda, while the brain itself bends 
downwards and so produces a " cranial flexure." 

8. It shows in all other details of structure that it is not simply 

the anterior end of the spinal cord, but a brain. 

9. It shows in a larval stage, soon after the differentiation of 

fibers in the neural axis (larvae with one gill slit), a marked 
differentiation into ganglionic and fibrous regions, and the 
boundaries of the unpaired ventricle as well as of the lamina 
terminalis are distinctly marked out. There is then a ven- 
tricular segment of the brain reserved for the special sense 
organs. The fibers appear simultaneously with the forma- 
tion of the pigment spot, and are in all probability the 
ways by means of which the sensations from this special 
sense organ are conveyed backward to the motor centers. 
10. Since amphioxus is a vertebrate, these relations must have 
direct and important bearings on the phylogeny of the 
vertebrate brain and head, and will afford us invaluable 
aid in clearing up these intricate problems." 
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"The large collections of ganglion cells just posterior to the 
thalamocoele are homologous with the medullary nuclei of other 
vertebrates, since their connections show them to be centers for 
the control of the branchial apparatus, and the sensory and motor 
structures lying in the territory of the gill basket, e. g., centers of 
respiration, deglutition, etc." 

"The ontogenetic changes of the neural axis in other vertebrates 
carry the brain through the condition which in amphioxus remains 
permanent as the adult brain." 

As regards the eye, I announced in 1891 that the eye-spot of 
amphioxus — that is to say, the unpaired but bilaterally symmet- 
rical patch of epithelial cells lying in the lamina terminalis of the 
amphioxus brain — is the forerunner of the vertebrate eye, and 
that, as regards its physiology, it was not a visual organ nor an 
organ of sight, but an organ for the perception of the variations 
in the intensity of light. 

This pigmented patch of epithelium occupies the same position 
in the adult amphioxus that the unpaired but bilaterally symmet- 
rical patch of pigmented cells in the embryo sturgeon, as described 
by Kupffer, and in the embryo of Galeus, as observed by me, does 
with reference to the lamina terminalis of the brain of these forms. 

In both the latter cases the pigmented patch is converted into 
the recessus opticus, and the recessus opticus gives rise by a proc- 
ess of evagination to the two optic vesicles. 

Amphioxus, therefore, presents us with an adult condition 
which is represented in the higher vertebrate form by the simple 
condition of the brain wall in the earlier stages of the development 
of the nervous system. 

For a fuller discussion of the anatomical conditions present in 
the adult amphioxus see my paper (loc. cit,, pages 238 to 234). 

It b clear from this description of the lamina terminalis in the 
embryos of the sturgeon and of the dog-fish that the early stage 
of the eye in fishes is truly comparable, indeed is homologous, 
with the eye organ in amphioxus and is developed in identically 
the same way. As I have already pointed out, the pigment in the 
eye of the amphioxus lies in the inner end of the cells forming the 
anterior end of the neural tube. 

In the sturgeon this pigmented area on the inner face of the 
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anterior brain wall is subject to the evagination process, being 
cairied out with the cells of the recessus opticus. 

My conclusions with reference to the eye of amphioxus were 
based upon a very extensive study of the eye of both the old and 
the young of amphioxus, and I was able to show that there is a 
great diversity in the form of the pigment area in different mem- 
bers of a series of individuals and that there is a tendency for the 
pigment area to divide symmetrically on either side of the median 
line. 

Of greatest moment, therefore, are my observations and those 
of Kupffer which show that the pigment to be later used in the 
retina of the eye is first of all laid down in the inner ends of the 
cells of a primitively unpaired, even though bilaterally symmetrical, 
plate of cells which evaginates from the brain as the recessus opticus. 

Minot attempts to homologize the vertebrate eye and optic tract 
with the highly differentiated arthropod eye, supra-esophageal gan- 
glion and the circumesophageal nerve ring, but the idea that the 
visual organ of the vertebrates is to be sought for in such a spe- 
cialized organ as the compound eye of arthropods is unsupported 
by morphological facts. 

The nose in amphioxus remains in the form of a conical epithe- 
lial pit, whose apex is connected with or is in contact with the 
anterior end of the brain. 

This pit is the so called sinus olfactorius impar, being the 
remains of the anterior neuropore. The right and left walls of 
this conical pit are thus morphologically equal, and, notwith- 
standing the fact that the pit is later pushed to one side by the 
growth of the base of the median fin-fold, we must hold that it 
is bilaterally symmetrical both in origin and in adult life and is 
strictly comparable to the plate of cells which evaginates from 
the anterior end of the brain of Bdellostoma and of the sturgeon, 
and which has been conveniently called the unpaired nasal plate. 

It has long been accepted that the nasal epithelium of the 
Gnathostome vertebrate is laid down as a pair of bilaterally sym- 
metrical plates in the embryo and continues paired throughout 
life, while in the Cyclostome it is laid down in an unpaired con- 
dition and ever remains so. Nothing could be more incorrect, 
for the plate in some Amphibia is identical with that in the Cyclo- 
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stomes. It is a single patch of cells symmetrically placed with 
reference to the sagittal plane of the body. In reality it is a double 
patch, although the indifferent tissue, which later forms a septum, 
has not at this stage developed. 

It is said that in Acipenser embryos a median unpaired nasal 
plate precedes the paired nasal organ. This being the case, we 
have all the more reason to consider the Marsipobranch nose a 
paired structure, even though it appears to develop from an 
unpaired plate. 

There is certainly no truth in HaeckeFs dictum that "the 
phaiyngo-nasal canal [of Myxinoids] is a secondary acquirement 
in connection with parasitic habit." 

Notwithstanding that much has been said about the naso- 
pharyngeal tube of the Myxinoids, the full significance of this 
structure has not yet been made out. While it at first seemed to 
be an organ at the height of its development in Bdellostoma, the 
embryological evidence would indicate that it is a very old struc- 
ture. We should not forget that in the Petromyzontes it is 
already closed off from the pharynx, and that in all other verte- 
brates it arises in a very early stage of embryonic life as a naso- 
hypophysial invagination of the ectoderm towards the mesenteron. 
It would thus seem to be on the verge of extinction in the Cyclo- 
stomes. No other stages of its development are known to us. 

The total absence of an auditory organ in amphioxus is held 
by certain zoologists to be a difficulty in the way of accepting this 
animal as an ancestor of the vertebrate stock. 

They point out that in the tunicates, especially in the Appendi- 
cularia, there is an otocyst with inclosed otolith, which sup- 
posedly serves as an organ for the perception of wave motion in 
the water. It is also held that, since the tunicates stand in genetic 
relationship to the vertebrate stock, it is very unlikely that any 
form intermediate between them and the vertebrates would 
entirely lack an auditory organ. The error in their reasoning 
lies in the fact that they assume that the auditory organs of the 
tunicates and the vertebrates are homologous structures. 

This is not the case, as all the evidence, both morphologic and 
ontogenetic, clearly proves. The vertebrate auditory organ is 
a neomorph arising within the vertebrate stock, from a sense- 
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organ rudiment entirely absent, so far as we yet know, from the 
tunicates. So that the absence of an ear from amphioxus is fully 
accounted for, at least in so far as relation to the tunicates is con- 
cerned. The tunicate ear is, in a strict sense, an otocyst, and 
not an ear. 

With reference to the s^mentation of the body of amphioxus, 
all the evidence seems to point to the ancestral character of this 
segmentation in relation to mesodermic segmentation of the 
higher vertebrate forms, with the exception of one peculiarity, 
which is probably palingenetic in its nature, but which, so far as 
we know, does not occur unmodified in any other vertebrate. I 
refer to the origin of the mesodermic segments from two bilaterally 
placed hollow pouches pushed out from the mesenteron. 

From the many indications which have been discovered by 
numerous investigators, the mesoderm in the higher forms follows 
this plan of origin, but the architecture of the transformation is 
ccenogenetically very much shortened and changed, as in the 
case of many other organs of the body. 

There is no occasion to dismiss all the pertinent indications 
preserved in the higher forms which indicate that this method 
of origin was the primitive one, simply because complete and 
well formed diverticula are absent from the ontogeny of the 
mesoderm in all vertebrates above amphioxus that have yet been 
investigated. 

Regarding the suggested affinity between amphioxus and the 
annelids in this matter of the segmentation of the mesoderm, 
the unprejudiced mind will not hesitate to make the conclusion 
that it is far less intimate than the relationship already described. 

The difficulties surrounding the establishment of the homology 
of the reproductive organs of amphioxus with those of the higher 
vertebrates are certainly not solved by any reference of the verte- 
brate stock to the annelids as ancestors, for the difficulty com- 
plained of by Minot that the reproductive organs appear seg- 
mentally in amphioxus, but non-segmentally in other vertebrates, 
is only increased by carrying the ancestral vertebrates back to 
the annelids, for here the segmental arrangement of the gonads 
is even more primitive and is accompanied by many annelidan 
characters of the other organs of the body, which carry us farther 



Digitized by 



Google 



No. 470] UNITY OF GNATHOSTOME TYPE 91 

than ever away from an explanation of the origin of the internal 
sexual organs of the vertebrate body. Certainly, when we have 
to choose between annelids and amphioxus for an ancestor of 
the vertebrates, it would be giving up much we have already 
gained to go back to the vermian type when we have an animal 
such as amphioxus, possessing many of the vertebrate characters 
already developed and showihg a stage of organization which no 
one can for a moment doubt is immediately below that of the 
vertebrates and far removed from that of the annelids and tunicates. 
It is good occasionally for the zoologist to view in the large and 
in perspective the whole animal and to take note of the interrela- 
tionship of all its parts, together; in other words, to take a "bird*s- 
eye view'' of the form being studied in order that minute and 
occasional differences, which our incomplete knowledge does 
not yet permit us to explain, shall not be unduly magnified and 
thereby be given an importance entirely unwarranted, and thus 
prevent our establishing the homologies and recognizing the real 
genetic relationships of the form in question. Much that has 
been said about amphioxus in recent years has been in the nature 
of zoological quibbling, a playing with non-essentials and an ignor- 
ing of the fundamental facts of the anatomy and development of 
this creature. 

The intestinal tract of amphioxus also represents an ancestral 
condition, which is passed through ontogenetically by higher verte- 
brates. The liver pouch always arises as an unpaired divertic* 
ulum of the mesenteron, which later becomes established as a 
pair of diverticula higher up in the phylum. 

As r^ards the other features of the intestinal tract, they remain 
in a very primitive condition, and in the Cyclostome we have a 
decided advance towards the condition occurring in higl^er forms. 
In the Cyclostome the liver becomes a massive gland, with the 
characteristic vertebrate structure, but neither amphioxus nor the 
Cyclostomes possess a pancreas. 

The mouth in amphioxus is extremely primitive and shows no 
traces of skeletal structures which may yet be safely homologized 
with the maxillary and mandibular appendages of the Cyclostomes 
and the vertebrates above them. 

The endostyle, which exists in a high state of development in 
amphioxus and which is well preserved in the larval Ammocoetes^ 
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possesses as its function the collection and transference of food 
to the pharjmx. During the transformation of larval Ammocoetes 
into the adult Petromyzon the organ is functionless. Beginning 
with the adult Cyclostome, and from there on throughout the rest 
of the vertebrate series, its remnant forms the thymus gland. 

As regards the excretory organs of amphioxus, the researches 
of Boveri show that they are segmental in nature and that each 
tubule opens upon the surface of the body, no collecting duct being 
formed. Even on the theory of the annelidan origin of the ver- 
tebrates this is a stage of development through which, the verte- 
brate ancestors must have passed, and instead of being an argu- 
ment against the close genetic relationship of amphioxus to the 
vertebrates above it, it is one of the be3t examples we have in all 
zoology of the persistence of an extremely primitive condition of 
an organ, even after the general advancement of the body, in a 
morphological sense, makes the presence of such segmental organs 
appear out of place and not in harmony with the stage of develop- 
ment of the organism as a whole. 

A similar instance of the persistence of primitive excretory 
organs in the adult condition is furnished by Bdellostoma, the 
only vertebrate which possesses a functional pronephros in the 
adult condition, and when we compare the adult pronephros of the 
Bdellostoma with the ontogenetic condition of the pronephros as 
seen in mammals and in birds, we recognize at once that the dif- 
ferences between these two stages are greater than the differences, 
for example, which we find between the mesodermic segmentation 
of amphioxus and other vertebrates or the segmentation of the 
reproductive organs of the same two forms. 

So that this evidence, as well as all that I have previously brought 
to notice, points to amphioxus as the nearest living form among the 
ancestors of vertebrates. . - 

A glance at the information contained in the table given below 
will serve as a basis for comparing Bdellostoma with amphioxus, 
on the one hand, and with the higher vertebrates, on the other. 

Table of some of the primitive characters (p.) of Bdellostoma 
which are embryonic (e.), for higher vertebrates^ , ' , . 

1. Notochord. (p. e.) 

2. And its extension to the hypophysis, (p. e.) 
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3. Membranous skeleton of Bdellostoma. (p. e.) 

4. Simple heart, (p. e.) 

5. Cranial aorta, (p. e.) (Subcordal aorta.) 

6. Peritoneo-pericardial cavity, (p. e.) 

7. Subintestini^ vein. Ventral vein of amphioxus, (p. e.) 

8. Passage of subintestinal r Persistent subintestinal vein, 

vein through liver with- -l which passes around portal 
out capillary net (p. e.) [.system. 

9. Gill arteries correspond to gill arches, not to hemibranchs. 

(P-) . ^ . . 

10. Vein from pronephros to right cardinal vein. (p. e.) 

11. Blood from anterior body walls passes into portal system. 

(p.e.) 

12. Contractile portal heart, (p.) . 

13. Origin of carotids from lateral branchial commissure, (p. e.) 

14. Segmental disposition of sonjatic and renal artery and veins. 

(p.e.) 

15. Frequent anastomosis between post. card, veins, (p. e.) 

16. Inferior jugular veins, (p.e.) 

17. Large number of gills up r Functional branchial vessels; 

to 14. (p. e.) < functional branchial bars or 

• L cartilages. 

18. Their, reduction during ontogenesis, (p. e.) 

19. Functional pronephros, (p. e.) . 

20. Absence of genital ducts, (p. e.) 

21. Brain, (p. e.) 

22. Cranial and spinal neryes — separation of motor and sensory 

branches, (p. e.) 

When we compare these characters of a Craniate with the con- 
ditions obtaining in amphioxus, we find a surprising agreement 
between them. 

I think, from the presentation of facts jUst made, it is clear that 
amphioxus belongs to the ancestors of the present day vertebrates. 
It is, however, neither a Craniate nor a Gnathostome, and it is 
separated from all the other forms by a zoological gap which we 
cannot yet adequately measure, but which is very large. Let us 
now pass to a consideration of the relationships of the Craniate 
Vertebrata. 
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Let us assume, with Haeckel, that the Prospondylia are the stock 
from which the Leptocardia and the Archicrania both arose. 

From the latter hypothetical group are developed all the Craniate 
forms which, down to the present time, have been classified in two 
main divisions: the Cyclostomata and the Gnathostomata. 

In 1894, I showed that the so called tongue apparatus of the 
Cyclostome fishes, particularly of the Myxinoids, was developed 
by a transformation of the jaw apparatus from the maxillo-man- 
dibular apparatus of some Gnathostome ancestor, and these views, 
together with the anatomical evidence supporting them, were 
printed in the Journal of Morphology, vol. 17, and in the Bulletins 
of the University of Cincinnati, vol. 1, nos. 1 and 2. 

The development of the mouth of Bdellostoma and the pre-oral 
and postoral bars (the maxillary and mandibular arches) respec- 
tively in the early stages of Bdellostoma, before the formation of 
the tongue apparatus, adds further corroboration of the accuracy 
of the interpretation of the homologies of the cranio-facial appa- 
ratus of the Marsipobranchi. 

With the discovery of the jaw apparatus in the Cyclostomes, 
the most essential character used by systematists for the separa- 
tion of this group from the Gnathostomes disappears. 

Many other characters, however, of which perhaps«the absence 
of paired appendages is the most noteworthy and important, re- 
main as a suflBcient ground for a very distinct separation of these 
forms from the rest of the vertebrates. 

But the group Gnathostomata must now include the Marsipo- 
branchi as well as all the forms hitherto included, so that, as our 
classification now stands, aU the Craniata are Gnathostomes, and, 
as before, the only living Acraniate is amphioxus. 

The solution of the problem of the origin of the cranio-facial 
apparatus is thus pushed back upon the extinct vertebrate forms 
which fill in the gap between the common ancestor of amphioxus 
and Craniata. Possibly paleontology may bring us the needed 
information, or it may be that the embryology of some form yet 
unstudied will disclose the method of the transformation of the 
acraniate or agnathous into the craniate or gnathostome head. 

Cincinnati, Ohio 
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OLD AGE IN BRACHIOPODA— A PRELIMINARY 

STUDY 

H. W. SHIMER 

The following paper was prepared as the result of studies pur- 
sued at Harvard University under the direction of Professor R. T. 
Jackson, to whose oversight and suggestive criticisms the writer 
is indebted. Thanks are also due Mr. R. H. Willcomb of Ipswich, 
Mass., for his kindness in taking the photographs. 

In this study we have made use of the fine collection of the 
Student Paleontological Department of Harvard University, the 
collections of the Boston Society of Natural History, and those 
of the Massachusetts Institute of Technology. Unless otherwise 
stated, the specimens referred to are in the Student Paleontological 
Laboratory at Harvard University. Those from the Massa- 
chusetts Institute of Technology are either still in that institution 
or have since been transferred to the Boston Society of Natural 
History. 

This paper aims to summarize the principal characters which 
accompany old age in brachiopods, to illustrate them with some 
typical examples, and to present a few suggestions as to their 
origin and meaning. 

Following the present usage, we employ the terms, nepionic 
for the larval or postembryonic stage of an animal's individual 
development; neanic for the immature or adolescent; ephebic 
for the mature or adult; and gerontic for the senile or old. Each 
one of these is further subdivided into three substages by the pre- 
fixes, ana-, meta-, and para-, denoting the beginning of a given 
stage, its culmination, and its decline (Hyatt, '94, pp. 390-397; 
'93, pp. 93-108). 

Senile Characters 

Senility is expressed in the shell by one or more, frequently all, 
of the following characters: — 

95 
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1. Lamello^ity of Growth Lines, — The concentric growth lines 
become more closely spaced and Umellose, with a tendency to 
pile up at the lateral and anterior borders of the shell. 

Examples: a pedicle valve of Laqueus ccdifomicus Koch, No. 




1 



la 



Fio. 1. — A senile Individual of Lcujueus calif omicua Koch from Catalina Island, 
California. Old age is indicated by the lamellosity of the concentric growth 
lines on the gerontic portion of the shell and by the change there in the angle 
of curvature. The resorption of the umbo by the pedicle is likewise shown. 
No. 715, Harvard. 

Fio. la. — A different view of the individual seen in Fig. 1, showing resorption of 
the umbo and of the deltidial plates by the pedicle. 

715, up to and including its mature growth, a length of 40 mm., 
has only one or two strongly marked growth lines, while on its 
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Fio. 2. — A side view of the individual seen in Fig. 1, showing anteriorly the 
change in the angle of curvature. 
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gerontic portion there are at least eight in a length of but 10 mm. 
(Figs. 1 and 2.) 

A specimen of Atrypa spinosa Hall, No. 499, has in its mature 
or ephebic stage a length antero-posteriorly of 30 mm. or of 36 
mm. measured on the curve of the pedicle valve. In succeeding 
growth originated a change in the angle of curvature at the an- 
terior portion of the shell, indicating old age (see below). From 
the umbo up to and including the mature portion of the shell 
there are 24 well marked growth lines about equidistant; on the 
gerontic or deflected portion there are nine growth lines in a 
space of but 4.5 mm. Thus in old age the growth lines become 
crowded, as one occurs in every 0.5 mm., while in the previous 
growth one occurred in only every 1.5 mm. The piling up of 
the growth lines was caused by their continued production unac- 




Fio. 3. — A very large senile individual of Atrypa apinosa Hall from the Hamil- 
ton of Eighteen Mile Creek, New York, showing the change in the angle of 
curvature, the groove at the Junction of the valves, and the lamellose condi- 
tion of the growth lines upon the gerontic portion of the shell. No. 400, 
Harvard. 

Fio. 4. — A fully mature individual of Atrypa spinoaa Hall, on which none of the 
above gerontic features appear. 

companied by any considerable growth of the shell in the anterior 
direction (Fig. 3). 

A Lower Helderberg specimen of Atrypa reticiUaris (liinn^), 
No. 641, shows 12 growth lines on the gerontic portion in less 
than 5 mm. This is after the abrupt deflection while the preced- 
ing portion of about 21 mna. in length also had only 12. 

2. Change in the Angle of Curvaiure. — This often resvUs in 
cTgro&ve at the junction of the two valves. An abrupt change in 
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direction occurs at the lateral and anterior borders of the shell so 
as to produce maximum growth almost or completely at right 
angles to the plane of separation of the valves. This change is 
frequently so great as to produce a reentrant groove of greater 
or less depth at the junction of the valves, at the lateral and an- 
terior portions of the shell. The groove results from the failure 
of each successive growth line to build out as far as the preceding 
one, and thus results in bending in the edges of the valves so that 
they meet in a depression. 

Examples: in a pedicle valve of Athyris spiriferoides (Eaton), 
No. 498, the first lamellose growth lines appear after the shell has 
attained a length of 22 mm. and a width of 26 mm. At this period 
in growth the shell not only ceased to increase in width at the 
cardinal angles but actually decreased and so produced a groove 




5 6 

Fio. 5. — Athyris spiriferoidea (Eaton). A mature individual from the Hamilton 

group of Eighteen Mile Creek, New York. 
Fig. 6. — A senile individual of Athyris spiriferoides (Eaton) from the Hamilton 

of Eighteen Mile Creek, New York. Gerontism is well shown here in the 

change in the angle of curvature and the conspicuous groove at the Junction 

of the valves. No. 498, Harvard. 

1 mm. in depth (Fig. 6). The change in the angle of curvature 
took place at the anterior portion of the valve later than at the 
cardinal angles. 

In a specimen of LaqueiLS ccdifomicuSy No. 715, measuring 45 
mm. in length by 35 mm. in width, the change in the angle of 
curvature in old age at the sides of the shell is about 45°, and at 
the anterior portion is much less. This specimen also shows a 
shallow, broad groove at the cardinal angles (Figs. 1 and 2). 

A slight groove is also developed at the cardinal angles of a 
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specimen of Rhynchotrema capax (Conrad), No. 142, and of 
Atrypa spinosa Hall, No. 499 (Figs. 8 and 3). In these speci- 
mens, however, the groove does not extend to the anterior por- 
tion of the shell as it does in some. 

3. RotcUion of the Umbos toward Each Other. — This resvUs 
in greater gibbosity of the shell. 

As shown above, the anterior growth of the valves in old age 





7 8 

Fig. 7. — Rhynchotrema capax (Conrad) from the Hudson River group of Cincin- 
nati, Ohio. A mature form. 

Fio. 8. — A large senile individual of Rhynchotrema capax (Conrad) from the Hud- 
son River group of Cincinnati. Ohio. Senility is shown in the lamellose 
growth lines and in the extreme gibbosity. No. 142, Harvard. 

is at a more or less abrupt angle to the previous growth. This 
gerontic growth thus tends to push the edges of the ephebic shell 
farther and farther apart, and causes the valves to rotate outward 
on the axis of the hinge line. This rotation brings the umbos 
closer and closer together until often the beak of the brachial 





Fio. 9. — A fully mature form showing in the pronounced growth varices the 
beginning of senility. Platyttrophia lynx (Eich.) from the Hudson River 
group of Cincinnati, Ohio. No. 1910, M. I. T. 

Fio. 10. — An advanced gerontic form of Platystrophia lynx (Eich.) from the Hud- 
son River group of Cincinnati, Ohio. Old age is especially shown here in the 
strongly lamellose growth lines and in the closely approximated umbos. 
No. 1911, M. I. T. 

valve encroaches on the delthyrium of the pedicle valve to such 
an extent as to block the original pedicle opening entirely (Figs. 
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8 and 10). As long as the pedicle remains active it will resorb 

the umbo of the pedicle valve as fast as the brachial umbo en- 
croaches upon it, thus keep- 
ing a passage open for itself 
(Fig. 11). From this rota- 
tion of the valves there re- 
sults a lengthening of the 
dorso-ventral axis of the 
shell. This gives it a gib- 
bous appearance which is 
seen even in forms that are 
in maturity flat and thin, as 
Rafinesquinaaliemata. This 
great increase in thickness 
is shown in Figs. 3, 5, and 
6, and also in the following 
measurements : — 
Rafinesquina aUemata (Figs. 12 and 13). Adult, No. 1912, 

M. I. T. Length, 32 mm.; breadth, 41 mm.; thickness, 3.5 mm. 

Old age. No. 128. Length, 39 mm. ; breadth, 51 mm. ; thickness, 

11 mm. 
Rhynchoirema capax (Figs. 7 and 8). Adult, No. 1913, M. L T. 

Length, 22 mm.; breadth, 21 mm.; thickness, 26 mm. 




Fio. 11. — Rhynchoirema capax (Conrad ). Hud- 
son River group of Cincinnati, Ohio. A ge- 
rontic individual which has through resorption 
of the umbo, kept its pedicle passage open pari 
passu with the rotation of the umbos toward 
each other. No. 1156, Harvard. 




12 13 

FiQ. 12. — Mature individual of Rafinesquina aUemata (Emmons) from the Hud- 
son River group of Cincinnati. Ohio. 
Fio. 13. — A large gerontic individual of Rafinesquina aUemata (Emmons) from 
the Hudson River group of Cincinnati, Ohio, indicating senility in the lamel- 
losity of the concentric growth lines, in the changed angle of curvature,' and 
. In the greater gibbosity of the shell. No. 128, Harvard. 
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4. FlaUening-out of Plications, — -In old age the plications (ribs) 
tend to flatten out and disappear. Their presence is usually 
indicated on the gerontic portion of the shell by zigzag lines of 
growth, though the surface of the shell is at this area smooth. 
This is seen in Rbynchoirema capax, Platystrophia lynx, Tropi- 
doleptiAS carincUus, Spirifers, etc., and holds true in all specimens 
examined (see p. 117). 

Examples: in Rhynchotrema capax, No. 142, from Cincinnati, 
Ohio, the pedicle valve has during maturity 15 ribs; during meta- 
gerontism it has 11, and at the last growth before the death of 
the animal there are none, although zigzag growth lines represent 
them. The brachial valte has during maturity 14 ribs; during 
metagerontism, 10, with none at the death of the animal. 

In Spirifer oweni, No. 57, from the Hamilton of Clark Co., 
Indiana, the ribs become broader and lower until in extreme old 
age they, as well as the zigzag growth lines at the edge of the shell, 
have almost entirely disappeared even at the anterior portion of 
the shell (see p. 117 for further discussion). 

The ribs disappear eariier and more completely from the brach- 
ial than from the pedicle valve. This was noticed especially in 
Terebratella plicata Say, Tropidoleptvs carinatus (Conrad), Meek- 
ella striaiocostata (Cox), Spirifer mvcronatus var. thedfordense 
Shimer and Grabau, and Rhynchotrema capax 
(Conrad). This character is often only faintly 
marked; its presence is first noted at the cardi- 
nal angles. Raymond (:04, p. 128), also notes 
the more nearly complete obliteration of the 
pUcations on the brachial valve in Tropidoleptiis fio. i4.^a geron- 
carinatus. tic individual of 

• Ambocaha um- 

5. Disappearance of Median Sinits and Fold, bonata (Conrad) 

rm !• • 1 # 1 1 1 ,, 'rom the Hamil- 

— The median smus and fold tend to flatten out ton group of 
and disappear in a few observed species. ^'eek NewYork^ 

Examples: in Amboccelia umbonata (Conrad) showing the dis- 
(Fig. 14), the median sinus disappears in old age. them^Tnsinus. 
In Bilobites variciLS (Conrad) there is also a ten- 
dency to obliterate the marginal sinus. This is shown in a series 
of shells, No. 4, from the Lower Helderberg of Clarksville, 
Albany Co., New York (Fig. 15). For further examples see 
also Beecher (:01, p. 403). 
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In some species the median sinus appears to become more ac- 
centuated with age. For example, Athyris spiriferoides shows 
well this accentuation of the sinus with hardly any corresponding 
^xxs /^^ y^*^ development of the median 

/ >. f^^\ f^\ '^'^' while in Ccehspira gra- 
Ly^^^ \^y^\^ \^^^.^^ ^^^^ Shimer, both sinus and 

Fio. 16.— Series showing gradual obliteration fold are developed (Shimer, 

of the sinus from maturity to old age. . r^A ^ OSS') 

BUobites varicus (Conrad) from the Lower ' ' "' /* 

Helderberg of Clarksberg, New York. No. 6. Enlargement of Cardi" 

' ^^^^ ' nal Angles, — The cardinal 

angles, that is, the angles made at the cardinal extremities 
between the hinge line and the sides of the shell, enlarge during 
senescence. 

Examples: a specimen of Rafinesquina aUemaia, No. 128, has 
just preceding senescence, a cardinal angle of 87°. This increased 
to 99° during old age (Fig. 13). 

A specimen of Spirifer mxwronaius var. thedfordense, No. 405, 
has at the close of the neanic or Spirifer mucronatus stage (Shimer 
and, Grabau, :02, p. 171) a cardinal angle of 26°. This angle rap- 
idly increases as seen in Fig. 16, through the ephebic and gerontic 
stages until it measures 60° at the death of the animal. 

7. Reduction of Shell Index. — The shell 
index, i. e., the breadth divided by the 
length, becomes smaller with old age (see 
Cumings, :03, p. 3). In other words the 
shell becomes proportionally longer in old f,^. ^^^j, ^^ ^^^^^ 
ace than in maturity and in this respect spirifer mucronatut var. 

11 • • J" • thedfordense Shimer and 

approaches the nepiOniC condition. Grabau, from the Hamll- 

Examples: a specimen of Spm/«-mt«TO- ^^^^.^^^^^^".I.'te 

natus var. thedfordense has during its enlarging cardinal angles 
. 1. 11 • J I 1 ^n J and in the piled-upgrowth 

nepionic stage a shell index of 1.77; dur- uneg. no. 406. Harvard, 
ing its neanic, 3.57; and during ephebic, 
1.90. For further measurements and discussion of the varietal 
form see Shimer and Grabau (:02, p. 174). 

An old specimen of the above species. No. 405a, had during 
early maturity a width of 34 mm. and a length of 14 mm., giving 
a shell index of 2.43. In old age the width was 33 mm., the length 
18 mm., and shell index 1.83. 
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Rhynchotrema capax, No. 142, had in maturity a width of 18 
mm., a length of 17 mm., giving a shell index of 1.06. In old age 
the width was 20 mm., the length 23 mm., and shell index 0.87 
mm. 

In Rafinesquina altemata, No. 128, the mature shell measured 
42 mm. in width, 30 mm. in length, and the shell index was 1.40; 
the senile shell was 51 mm. wide by 39 mm. long with a shell 
index of 1.30. 

8. Modification of Pedicle Opening. — a. The pedicle opening 
may be enlarged during growth. As the animal increases in size 
the pedicle normally increases in diameter if it continues attached. 
The resulting growth of the pedicle may resorb the surrounding 
shell (the deltidium or deltidial plates and umbo) and thus enlarge 
its opening. This is especially conspicuous in the Terebratuloids. 
In some shells resorption is^made doubly necessary if the pedicle 
would continue to exist, for the rotation of the umbos toward 
each other would otherwise soon cut it off. This condition is seen 
well in some specimens of Rhynchotrema capax. 

Examples: a specimen of Laqueus calif omicus, No. 715, is a 
senile individual as indicated by its lamellose growth lines, abrupt 
deflection, and groove at the cardinal angles. The umbo shows 
considerable resorption as do also 
the deltidial plates (Figs. 1 and la). 

A senile specimen of HeberteUa 
ocddentcdis Hall, No. 2, has a 
triangular delthyrium 9 mm. high, 
5.5 mm. wide at the hinge line, 
and 2.5 mm. at the ap€;;c of the 
umbo. The delthyrium, already 
large in maturity with the delti- 
dium resorbed, has been much 
enlarged in old age; in addition 
the umbo of the pedicle valve has 
been resorbed, destroying much 
more than the nepionic shell (Fig. 

17). This destruction of the umbo may be partially due to 
breaking as shown by an irregularity at the anterior side, but 
there is no doubt that most of^the opening is due to resorption 




Fio. 17. — A subgerontic individual of 
HeberUlla occidentalis Hall from the 
Hudson River group of Cincinnati, 
Oliio, showing the pedicle opening 
much enlarged through resorption of 
the umbo. No. 2, Harvard. 



Digitized by 



Google 



104 THE AMERICAN NATURAUST [Vol. XL 

as it has the same general smoothness and evenness of the sides 
as the delthyrium. . 

' In those fonns of Rhynchotrema capax which continue attached 
throughout life, the increasing gibbosity makes necessary, even 
during late maturity, a resorption of the umbo of the pedicle valve. 
But this resorption becomes very great in senile specimens, as 
for example in a specimen. No. 1156, the apex of whose pedicle 
valve has been resorbed anteriorly at least 1.5 mm. (Fig. 11). 
The. smoothness of this opening and the evenness with which it 
is prolonged out from the interior of the shell show it to result 
fr6m true resorption and not from breaking. 

6. The pedicle opening may be partially or compleiely closed. 
This is accomplished: 

(1) By deposits of calcareous matter in the apex of the valve, 
sometimes fonning a callosity. 

Example: in Stropheodonta demissa (Conrad), No. 1914, M. I. 
T., the delthyrium has been completely closed by growths that 
extend from either side and meet in the middle; these form two 





Fio. IS, — The interior of the pedicle valve of a mature form of Sptrifer acumi- 
ruUus (Conrad) from the Upper Helderberg of the Falls of the Ohio, showing 
the beginning of the calloRity in the pedicle cavity. 

Flo. 19.— The interior of a pedicle valve of a gerontlc individual of Spirifer 
acuminatiu (Conrad) from the Upper Helderberg of the Falls of the Ohio, 
showing the accentuation of the callosity. N6. 646, Harvard. 

convex callosities on the inner or proximal side which meet in 
the median line. The outside of these growths is smooth and 
also the cardinal margin is wanting in the denticulations character- 
istic of the rest of the shell. 

A testaceous callosity sometimes forms in the pedicle cavity, 
and extends across the delthyrium (see also Hall and Clarke, 
'94a, p. 6). This is seen in Spirifer acuminatus (Conrad), S. 
granvlosus (Conrad), and S, audacidus (Conrad). 
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Example: in a gerontic pedicle valve o{ S.aciminatics, No. 646, 
the callosity extends 17 mm. from the apex of the valve to the 
anterior border, uniting the dental lamellee and sending off a 
median portion forward between the posterior extremities of the 
diductor muscle impressions. In a mature valve of this species 
there appear only faint indications of this callosity in the apex 
(Figs. 18 and 19). Hall and Clwke ('94a, p. 921), mention this 
deposit of calcareous matter in the apex of the valve as a frequent 
condition in senile Spirifers. They also state that "the tendency 
to contract the pedicle cavity and deltidium presents its extreme 
manifestations in the Devonian forms of Stropheodonta, Stropho- 
nella and Leptostrophia where it has become almost and some- 
times quite obliterated and the entire umbonal. area filled with 
testaceous secretions" (Hall and Clarke, '94a, p. 919). 

(2) By the encroachment of the umbo of the brachial valve 
upon the delthyrium of the pedicle valve, so as partially or com- 
pletely to cover it. This follows from the rotation of the umbos 
toward each other in senescence as already described (p. 99). 
When its original opening is thus covered, the pedicle may keep 
its passage free by resorption into the umbo of the pedicle valve, 
as already seen (Figs. 1, 11, 17), or may become atrophied and 
disappear, leaving the shell unattached. 

Examples: in a senile specimen of Plaiystrophia lynx, No. 
1911, M. I. T., the umbos are so closely appressed that no pedicle 
opening can be seen (Fig. 10). An approach to this condition 
is seen in many senile Spirifers, Rhynchotrema capax, etc. 

9. Disappearance of Spines, Nodes, etc, — In old age the sur- 
face tends to become smooth, thus repeating the nepionic surface 
character. In all forms this is noted first at the angles and later 
at the anterior portion of the shell. There is slight development 
of surface ornamentation among the brachiopods beyond the 
simple plications and median sinus and fold. This lack is especi- 
ally noticeable when we compare this class with the pelecypods, 
gastropods, and cephalopods which are often characterized by 
an excessive development of ribs, spines, nodes, etc. If, in brachi- 
opods, spines or nodes are present in maturity, they gradually 
become less numerous until in extreme old age they disappear 
entirely (see also Hyatt, '89, p. 20, and Beecherj lOl, p. 94). 
Examples are noted in Productus, Atrypa, and Ambocoelia. 
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Prodvjctus horridiM, No. 600, 43 mm. wide and with a length of 
82 mm. following the curve of the pedicle valve, has no spines 
on the last added 12 mm. of the anterior portion, while the spines 
had disappeared earlier from the surface at the cardinal angles 
(see p. 110). 

Another specimen of the same species, No. 607, has no spines 
on the last added 18 nmi. This disappearance of spines in old 
age is also well seen in Amboccclia spinosa and in Atrypa spinosa. 
In Atrypa nodostriata the dbappearance of nodes from the senile 
portion of the individual was noted. 

10. Thickening of Valves. — Thb may result in the formation 
of an elevated ridge about the muscular area and in the building 
of a ridge just inside the margin of the concave valve in concavo- 
convex forms. Both valves, and especially the pedicle valve, 
thicken by interior additions. The area of maximum increase 
usually extends from each side of the muscular impression to the 

cardinal angles. Sometimes, as for 
example in Athyris spiriferoides, the 
greatest thickening is at the lateral edges 
of the valves. The pedicle valve be- 
comes especially thickened over the 
gential organs as seen in Atrypa, Spirif er, 
etc. 

Examples: a pedicle valve of Atrypa 
reticularis, No. 641, has a broad, promi- 
nent ridge bounding the muscular area 
laterally and sloping outward to a de- 
pression between it and the much 
thickened and inflected edge of the shell; 
it disappears entirely anteriorly (Fig. 20). 
A pedicle valve of Spirijeracuminaius, 
No. 646, shows a greatly depressed muscular area due to the great 
thickening of the posterior portion of the valve on each side of 
it, which slopes gradually to the lateral margins of the valve (Fig. 
19). 

In Platystrophia lynx, No. 3, the pedicle valve is thickened 
very much at the sides of and anterior to the muscular area (see 
also Cumings, :03, p. 28). 




Fio. 20. — The pedicle valve of 
a gerontlc specimen of Atrypa 
rttictUarii (Llnn6) from the 
Lower Helderberg near Cat- 
skUl, New York. Old age Is 
shown by the greatly thick- 
ened and Inflected edge of 
the shell and in the promi- 
nent ridge bounding the mus- 
cular area. No. 641, Harvard. 
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In the above cases, a^ well as in all observed, the greatest thick- 
ening' in the interior of the valve occurs in the region of the princi- 
pal trunks of the vascular isinuses, and it is in these main trunks' 
that in modern brachiopods the genital organs occur (for further 
discussion see p. 117). In most concavo-convex and resupinate 
shells the cbncave valve bears just inside its margin and posterior 
to where the convex valve fits over it, a swollen and strongly papil- 




21 22 

Fio. 21. — A mature brachial valve of Rafinewjuina altemata (Emmons) from 

the Hudson River group of Cincinnati, Ohio. No. 1, Harvard. 
Fio. 22. — The brachial valve of a gerontic individual of Rafineaquina aUtmaia 
(Emmons) from the Hudson River group of Cincinnati, Ohio, showing the 
vascular tumid ridge and its abrupt descent to the edge of the valve. Har- 
vard collection. 

lose ridge which extends from the cardinal angles to the anterior 
portion of the shell. In the brachial valve of Rafinesquina alter- 
naia the ridge has a very irregular surface and descends abruptly 
to the narrow margin of the valve. This makes the interior of 
the valve quite flat while the outside is concave (Fig. 22). This 
submarginal thickening was also noted in Tropidoleptus carinaius 
(Conrad), Strophomena rugosa Blainville, Pleciambonites sericeus 
(Sowerby), Chonetes granidifera Owen, Stropheodonta magniventra 
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Hall^ and S, concava Hall. Sometimes the papillse are so well 
developed that they are spine-like. This was most conspicuous 
in Stropheodonta magnivenlra, No. 1165, and in 5. concava, No. 
1099, M. I. T. 

In the majority of brachiopods the muscular area of the pedicle 
valve becomes in gerontic individuals depressed below the general 
interior level of the shell through the thickening of the shell about 
it, and thus frequently leaves this area translucent in its thinness 
while the remainder of the shell is very thick. The area is often 
strongly marked off from the rest of the valve by an elevated ridge 
at times high and well defined, surrounding it. This ridge is 




23 



24 



Fio. 23. — The pedicle valve of a mature specimen of HehcrteUa occidenttUis Hall. 
FiQ. 24. — The pedicle valve of a gerontic individual of HeberteUa occidentalis Hall, 
showing the high ridge defining the muscular area. 

conspicuous in Rafinesquina altemaia, Le-ptama rhomboidalis, 
Hebertella occidentalis (Fig. 24), Ealonia peciUiaris, andifip- 
paricmyx proximuSy in all of which the muscular area is strongly 
marked off from the rest of the shell. In Spirifer acuminatus 
(Fig. 19) the ridge surrounding the muscular area is merged with 
the general thickening of the shell. We have not been able to 
examine any senile forms in which the dental lamellse of the pedicle 
valve are strongly developed and form a spondylium, as for ex- 
ample in Pentamerus, Gypidula, etc. In these the muscular 
area is thus raised instead of retaining its youthful position. This 
thickening of the valves may in a few individuals result in the 
lessening of the total capacity of the body chamber. Usually, 
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however, the mtemal thickenmg is more than offset by the growth 
of the margins of the valves toward each other; for even a slight 
marginal growth means a large increase in the cubic capacity 
of the shell. 

Descriptions of a few Spectes 

The following species were chosen for description of senescence 
because there were gerontic specimens of them in the collections 
studied and also because they are common. Similar old age 
characters were, however, noted upon all forms which showed 
any approach to gerontism. When one specimen is described, 
this is merely taken as a type but the characters hold true for all 
the specimens of that species examined. 

Rafinesquina aUemata (Emmons). — A large specimen, No. 
128, from the Hudson River group of Cincinnati, Ohio, was 30 
mm. long when it first showed signs of old age in the appearance 
of lamellosity and in the changed angle of curvature; this change 
is much more noticeable on the pedicle than on the brachial valve. 
The shell also increases in thickness from 3.5 mm. in a normal 
mature specimen to 11 mm. in this gerontic individual. In old- 
age specimens of this species the pedicle opening is usually en- 
tirely closed and if it exists, is much too small to admit the passage 
of a pedicle large enough to support a shell of such a size (on this 
point see also Hall and Clarke, '92, p. 141). This condition is 
not, however, due wholly to senility but existed during maturity. 

The interior of the brachial valve has, extending from the car- 
dinal angles around the margin of the valve anteriorly, a tumid 
ridge with a very irregular surface. This descends abruptly to 
the edge of the valve. For comparison of mature and gerontic 
forms see Figs. 21 and 22. 

Strophomena rugosa Blainville (Streptorhynchus planumbonvs 
Hall). — A pedicle (concave) valve. No. 582, of this species bears 
just inside its edge a tumid ridge with a considerable vascular 
surface, which is not developed to such an extent as in the concave 
(brachial) valve of Rafinesquina aUemata. This fact is interesting 
as the ridge is developed in opposite valves in the two species. 
The muscular area remains translucent while the rest of the valve 
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becomes ipuch thickened and more pr less, grooved by vascular 
markings. Both valves of this species bear lamellpse growth 
lines. Thqre is also a greater lametlpsity in the latest built por- 
tion of the deltidium and chilidium. , 

Producius horridus Sowerby. — No. 600 from the Lower Zech- 
stein of Gera, Thuringia, is not very senile. Old age, however, 
is indicated by the greater concavity of the brachial valve and 
by the absence of spines from the last added 12 mm. of the ante- 
rior portion. They had disappeared before this from the car- 
dinal angles, showing thus the progressive advance of senility 
from the cardinal angles to the anterior portion. This order of 
disappearance is just what we should expect from their order of 
initiation, appearing as they do at the cardinal angles before they 
develop on the main portion of the shell. 

PUUystrophia lynx (Eichwald). — A gerontic individual of this 
species' from the Hudson River group of Cincinnati, Ohio, No. 
1911, M. L T., attained a length of 31 mm. before it began to 
show evidence of old age in any marked degree; after this point 
it added a length of 13 mm. to each vaJve. The senescent char- 
acters noted here are: lamellosity of growth lines, flattening of 
the ribs, and formation of a groove at the cardinal angles. Through 
the change in the angle of curvature and the consequent growing 
toward each other of the two valves, the entire shell becomes very 
gibbous. The accentuation of these characters in increasing old 
age may be seen by comparing Figs. 9 and 10. The cardinal angle 
measures 78° at the close of the ephebic stage and 94° in the geron- 
tic. Similar observations are given by Cumings (:03, p. 12). 

A pedicle valve of this species. No. 3, from the Hudson River 
group of Cincinnati, Ohio, shows a very pronounced thickening 
on each side of and anterior to the muscular area. This area 
thus appears to be very much depressed, with high, perpendicular 
bounding walls. The development and relationship of this species 
are very thoroughly discussed and illustrated by Cumings (:03). 

Rhynchoirema capax (Conrad). — A specimen of this species. 
No. 142, from the Hudson River group of Cincinnati, Ohio, after 
reaching maturity when it had a length of 15 mm., became lamel- 
lose at the cardinal angles and the ribs began to flatten out, while 
the angle of curvature in each valve became relatively greater. 
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It then lengthened the pedicle valve 8 mm. on the curve of the 
shell, during anor and metagerontism. At this point the growth 
lines become still more lamellose, more of the ribs flatten out, 
and a sudden increase in the angle of curvature takes place. From 
this point it added 7 mm. to each valve. There is shown especi- 
ally on the median sinus and folds of this latest tidded portion a 
groove in the center of each rib on account of the changed plane 
of growth. A shallow groove is formed at the junction of the 
valves. This is greater at the cardinal angles since it is there 
first formed and proceeds progressively anteriorly. This groove 
is due in the anterior portion to the last added two or three growth 
lines only. The specimen has the pedicle opening entirely filled 
by the umbo of the brachial valve. Another specimen, however. 
No. 1156, as large as the preceding and 
representing a similarly advanced stage of 
senescence, has a very large pedicle open- 
ing. Mature and gerontic forms are shown 
in Figs. 7 and 8. 

Terebratula harlani Morton. — In this spe- 
cies old age is shown in the lamellose con- 
centric growth lines, the change in the angle 
of curvature, the groove at the cardinal 
angles, the larger cardinal angle, and the re- 
sorption of the umbo and deltidial plates. 
Exactly similar characters are shown in T. 
perovalis Sowerby. 

TropidoleptiLS carinatus (Conrad). — In 
an old-age specimen of this species. No. 
1915, M. I. T., the ribs are flattened out on 
the gerontic portion and the growth lines are lamellose, irregular, 
and more or less piled up. These senile characters appear pro- 
gressively from the cardinal angle to the front of the shell (Fig. 
25). The cardinal angle enlarges and the shell index grows smaller. 
The ribs flatten out on the brachial valve before they do on the 
pedicle valve. In other specimens the submarginal ridge of the 
concave (brachial) valve, so characteristic of Rafinesquina aUemata, 
also occurs, though in a less marked degree. Raymond (:04, 
pp. 126-131) discusses this species fully. 



Fig. 26. — A senile Individ- 
ual of Tropidolepttu cari- 
natua (Conrad) from the 
Hamilton ^oup of 
Eighteen Mile Creek. 
New York. Old age is 
indicated in the enlarge- 
ment of the cardinal 
angles, reduction of shell 
index, and in the flat- 
tening-out of the ribs. 
These last always disap- 
pear progressively from 
the cardinal angles to 
the front of the shell. 
No. 1915, M. I. T. 
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Laqveus ccdifomicus Koch. — A specimen of this recent species, 
from Catalina Island, California, No. 715, shows old age in the 
lamellose growth lines, the change in the angle of curvature, and 
the formation of a groove at the cardinal angles, and in the larger 
cardinal angles (Figs. 1 and 2). These characters also appear in 
jL. rubellns Sowerby, etc. 

Atrypa spinosa Hall. — In a specimen from the Hamilton of 
Eighteen Mile Creek, New York, No. 499, old age is first indicated 
after a growth of 27 mm. by the sudden crowding together of the 
growth lines and by the change in the angle of curvature. After 
this the anterior growth through the change in curvature adds 
about 5 nun. to the thickness of the shell and 4 mm. to its length 
measured along the antero-posterior axis. This gives the shell 
a very gibbous appearance. Senility is first expressed at the 
cardinal angles as seen in the development there first of the greater 
lamellosity of the growth lines, the change in the angle of curva- 
ture, and the formation of a groove which does not extend far 
anteriorly. The thickness of the comparatively flat pedicle valve 
is much greater than that of the brachial. For comparison of 
the senile characters of this specimen ^^nth an adult form, see 
Figs. 3 and 4. A pedicle valve. No. 641, shows the separation 
of the muscular area from the rest of the valve by a thick, promi- 
nent ridge which is especially developed at its sides, i. e., over 
the genital organs (Fig. 20). The thickened lateral edges of this 
fonn a prominent inflected edge. 

Spirifer mttcronatns var. thedfordense Shimer and Grabau. — 
A specimen of this species, No. 405, from the Hamilton group 
of Arkona, Ontario (Fig. 16), shows old age in an increase of the 
lamellosity of the concentric growth lines, the fading-out of the 
ribs, the change in the angle of curvature, and the development 
of a groove cardinally at the junction of the two valves. These 
characters hold true in all senile specimens of this genus examined. 
In S. acuminatus the greatest thickening of the valves is on each 
side of the muscular area. This character appears to hold true 
in all species. In some species (e, g,, euryieines, acuminatus j 
oweni, etc.) a conspicuous thickening (callosity) occurs also pos- 
terior to the muscular area in the pedicle valve, thus separating 
it widely from the apex of the valve (Fig. 19). 
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Nucleospira ventricosa Hall. — Senflity in this very small. Low- 
er Helderberg species is shown by a conspicuous roughness or 
lamellosity of the concentric growth lines in the otherwise smooth 
shell, a change in the angle of curvature, and the formation of 
a reentrant groove at the cardinal angles, the point where senility 
is first indicated. No shell suflBciently senile to have developed 
a groove in the anterior portion was observed. 

Athyria apiriferoides. (Eaton). — One specimen from the Hamil- 
ton of Eighteen Mile Creek, New York, No. 498, was 22 nmi. 
long and 26 mm. wide when senescent characters first appeared. 
After that it grew 10 mm. anteriorly measured on the curve of 
the shell. This growth increased the antero-posterior axis only 
6 mm. The maximum width of the pedicle valve was increased 
only 2 mm. though the total amount added to the width in old 
age measured over the curve of the valves, was 11 mm. The 
rest of the growth both anterior and lateral merely added to the 
thickness of the shell. In this shell old age is expressed by the 
lamellosity of the growth lines and the change in the angle of 
curvature. This latter character is more especially noticed at 
the sides of the pedicle valve as this valve piled up growth lines 
here to a thickness of 4.5 nmi. The lateral edges of the brachial 
valve thickened less. A groove was formed at the junction of 
the valves. The cardinal angle enlarged from 100° in the mature 
shell to 125° in paragerontism (Fig. 6). This specimen shows 
the normal progression of old age characters from the cardinal 
angles to the anterior border, in the first appeariuice there of the 
lamellose growth lines and of the groove. This groove at the 
death of the animal had advanced only halfway to the anterior 
border of the shell. A separate pedicle valve. No. 635, shows 
the maximum thickening from each side of the muscular impres- 
sion to the cardinal angles, with the greatest thickening at the 
edge of the valve. Figs. 5 and 6 show for comparison a mature 
and a gerontic individual. 



Conclusions. 

Minot ('91, p. 151) says very suggestively:. "I think it is now 
conclusively established that there is in guinea pigs a progressive 
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loss in the power, of growthji begiilning almost immediately after 
birth." This same decrease is very realistically shown in the 
little gastropod, LUori'W littorea, so abundant on our Atlantic 
coast. This shell, in the vicinity of Boston, is very quickly at- 
tached by an alga which discolors and e^rodes it. So if a series 
of t^e shells from small to large, is collected at mid- or late sum- 
mer before the new growth has becopoe corroded by thp. algse, 
the amount of that year's growth i^ very distinctly shown. Such 
a series shpws that, \yhile on the small specimens the year's growth 
was more than two complete whorls, in older specimens it became 
progressively less u^til in some of the mature ones it was but 3.5 
mm. Finally on the older shells growth was extremely reduced, 
being on one shell only 0.75 mm. For these facts concerning 
Litorina we are indebted to Professor R. T. Jackson whose series 
of these shells collected fronj Manchester, Mass., shows the above 
facts. The series is now on exhibition at the Boston Society of 
Natural History. 

This relative decrease in gi^owth b also shown in the crowding 
of the septa in old-^e cephalopods. Among pelecypods and 
brachioppds the relative decrease in the amount added to the shell 
is indicated in the more crowded condition of the later added 
growth lines. For example, a specimen of Atrypa reticidaris. No. 
641, ^hows 12 growth lines on the gerontic portion which give 
a thickness of 5 mm. while the preceding growth, about 22 mm. 
long, has also only 12. Yet if the growth lines wer^ added at 
regular time intervals the gerontic stage represented as long a 
period as that from embryonic through ephebic. 

That the mor^ prominent growth lines may define the shell 
growth for definite period^ of tinae is indicated in the following 
examples. Buxbaum showed that Anodonta cellensis, one of the 
Unionidse, had twp strongly marked concentric lines find hence 
three sets of more faintly marked areas, and this shell was. known 
to be three years old (Latter :04, p. 163). 

The common oyster commercially marketed is about four years 
old when gathered. Blue Points, which are smaller, are three 
years old. This age is broadly indicated on the shells by the 
stronger growth lines. On the Litorina cited above, the new 
growth is usually bounded posteriorly by & prominient growth 
line. . , 
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While thus the increase in the size of the animal becomes less 
and less for each succeeding growth period, a time is reached, 
varying with each individual, . when another factor enters and 
actual decrease or shrinkage begins. The tendency of the soft 
parts of animals to contract in old age is familiar to us.. (See 
Hyatt, '96, p. 15; Quain, :03, p. 1478), Through this tendency 
cwi be explained many alterations in the hard parts which sie 
otherwise difficult of explanation. 

The soft parts and especially the mantle of brachiopodsi, as 
well as of molluscs, are so closely related to the shell (MorsCj :02, 




Fio. 26. — Shell showing gerontlc eflfects produced by injury. Laqueus califor- 
nicua Koch from Catalina Island, California. No. 738. Harvard. 

p. 321) that the least change in the former is expressed in the 
latter. For example, a specimen of Ldqiceus califomicus Koch, 
No. 738, had the anterior portion of the mantle injured. The 
scars occur in the same relative position on each valve, and the 
mantle edge left a groove on the shell, indicating the scar (Fig. 
26). Before the animal was injured the surface of the shell was 
very smooth, showing no signs whatever of declining strength, 
but as soop as the injury occurred a lessened vitality is very notice- 
able in the change in the angle of curvature and in the lamellose 
growth lines, simulating senescence. 

A change in the angle of curvature of the shell shows that the 
soft parts of the animal have ceased to grow as fast as formerly. 
When, however, we consider such gerontic individuals as Athyris 
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apiriferoides, No. 498 (Fig. 6), and Atrypa spinosa, No. 499 (Fig. 
3), as described above, it is evident that the growth of the soft 
parts must have practically ceaised, while their secreting activities 
were continued, but were now almost entirely directed toward 
thickening the shell (see also Beecher, :01, p. 91). 

The formation of a groove at the junction of the valves means 
further, not only that the growth of the mantle has ceased, but 
that it is in fact growing smaller, in other words is shrinking. As 
noted above in the description of Athyris spiriferoides, etc., the 
width of the shell on the right and left axis is less during parageron- 
tism than it is during the earlier anagerontic stage. This tendency 
of the soft parts of the animal to shrink and to express this shrink- 
age in the hard parts is also well exhibited among pelecypods and 
cephalopods. 

The lamellosity of the growth lines in such types as Athyris, 






27 



28 



20 



Fio. 27. — The pedicle valve of a senile individual of Atrypa nticiUarU (IJnn^) 
from the Lower Helderberg of Catskill, New York. The prominent ridge sur- 
rounding the muscular area occurs beneath the main vascular sinus. No. 
641. Harvard. 

Fio. 28. — The pedicle valve of Atrypa reticularU (Linn«) showing the muscular 
(m) and vascular impressions with the ovarian markings (o) within the main 
va.<icular pinus of the latter. (After Zittel.) 

Fio. 29. — Brachial and pedicle half of pallium of the recent Terebraiulina cfvrt- 
anica with the main pallial sinus and lacuiis filled with eggs, b, brachial 
valve; p, pedicle valve; la, lacuna; m. p., main pallial sinus (after Morse). 

Atrypa, etc., is caused by the relatively decreasing extent of the 
successive lamellae of shell growth built in old age. This as result- 
ant brings about a change in the angle of curvature which in 
extreme cases causes even a resultant angle of less than 90°. 

The thickening of the shell on the interior often takes place 
very irregularly, and leaves the surface strongly papillose. This 
is well seen in the Spirifers, Stropheodontas, etc. In some Strophe- 
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odontas, as noted itbove (section 10), these papillose protuberances 
become almost spine-like. 

The principal thickening in at least many brachiopods occurs 
over the main tnmks of the vascular sinuses (compare Figs. 27, 
28, 29; see also Fig. 22). It is a significant fact that in these are 
located the genitalia (Hancock, '59, p. 817). If a greater con- 
traction took place there it is just in line with what we know occurs 
in higher animals (Quain, : 03, p. 1478). It is usually held that 
"no gerontic limit is known to the reproductive time in the lower 
animals" (Hyatt, '97, p. 220). As there is doubtless in most 
shells an increasing amount of space imoccupied by the soft por- 
tion of the animal as it increases in age, it is not necessary to 
postulate a great shrinkage of the soft tissues to account for the 
thickening of the shell. Yet the fact remains that in many species 
the principal thickening is over the main trunks of the vascular 
sinuses, just where the genitalia occur in modem species and 
where very probably they were located in fossil ones. 

The greater reduction of the lateral growth of the mantle over 
that of anterior growth in brachiopods is seen in the fact that in 
old age the shell is proportionally longer than in maturity. The 
result of these old-age processes appears first at the cardinal angles 
where the loss of lateral growth to compensate for the shrinkage, 
causes the flattening-out of the mantle folds (see also Williams, 
'95, p. 309). The reduction of the radial ribs proceeds progres- 
sively from the cardinal angles to the anterior border of the shell 
and hence it is on the sinus and fold that we find the ribs persist- 
ing strongest. 

In those cases where the ribs flatten out entirely their continu- 
ance is indicated by zigzag lines of gi^owth on the smooth surface 
of the gerontic portion of the shell. These show that the mantle, 
after flattening out on one plane, still retained the scalloped border 
on another. This scalloped edge (as seen for example in Rhyn- 
chotrema capax) resulted from the faster growing of parts of the 
mantle over others. As the mantle curved, the parts which formed 
the summits of the ribs fell behind those which formed the depres- 
sions. In other words the portions in the depressions grew faster. 
This diflFerence in the rate of growth may be seen by following 
two ribs and their included sinus from the umbo to the front of 
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the shell, plotting the angles ahd lengths of the successive growth 
lines in crossing them (Fig. 30). Thus when the shell surface 
becomes smooth in oM age the zigzag lines of growth where pres- 
ent represent the successive positions of the mantle border. It 
is as if the plications had been merely transferred from the vertical 

to the horizontal plane, as the actual 
mantle is probably scalloped to the 
same d^ree in both cases and the 
absence of ribs results simply from the 
changed angle of curvature of the shell. 
Often, hovever, there is a tendency of 
the mantle edge to fill out the scallops 
and to present a smooth edge. A 
beginning in this direction can be seen 
at the cardinal angles of many plicate 
individuals. Examples of this are noted 
in very old specimens of Spirifer mveni, 
Rhynchotrema capax, etc. 

The continued anterior growth after 
the practical cessation of lateral growth 
causes the cardinal angles to increase 
in size and causes also the shell index 
to decrease (see sections 6 and 7). 
This is a taking-on again of the large 
cardinal angles and small index of the 
nepionic stage. 

Not only is there repetition of youth- 
ful characters in the outline of the shell 
but there is also a similar repetition in the loss of ornamentation, 
for the nepionic shell is smooth. An old man with his bald head, 
curved back, toothless gums, and size smaller than during matu- 
rity, resembles the child. Though in these and in many other 
respects the resemblance is very striking yet in the child the form 
is the Result of positive, developing factors; in the man it is nega- 
tive, degradational (see also Hyatt, '97, p. 218). So among 
brachiopods the enlargement of the cardinal angles, reduction 
of shell index, and the obliteration of ribs, spines, nodes, etc., are 
in a certain sense a return to the features seen in the nepionic 



Fig. 30.-^ Diagrams showing the 
slower growth of the plications 
when compared with the furrow 
between, a, enlargement of a 
furrow and its bounding plica- 
tions with a f^w concentric 
growth lines; 6, the growth lines 
of the preceding superimposed 
on one another, showing graph- 
ically the greater growth in the 
furrow; p, plication; a, sinus 
or furrow; c, concentric growth 
lines. These figures were plot- 
ted from the median sinus of a 
specimen of Rhynchoterma 
capax. No. 142, Harvard, x 2^. 



Digitized by 



Google 



No. 470] OLD AGE IN BRACHIOPODA U9 

stage, yet it is a resemblance due to loss of characters. It is thus 
essentially different from the developing of the similar characters 
in youth. The characters usually disappear from the shell in the 
inverse order of their initiation (see also Hyatt, '94, p. 20, and 
Beecher, :01, p. 269). 

As seen above, senility is first shown at the cardinal angles 
and from there it takes place progressively to the anterior portion 
of the shell. Hence it is at the cardinal angles that we look for 
the first expression of old age, — as a change in the angle of cur- 
vature, lamellose growth lines, flattening of ribs, and development 
of a groove at the junction of the valves. Very rarely are indi- 
viduals found sufficiently old to have expressed on the anterior 
portion of the shell all of the above senile characters. 

When these characters do not appear simultaneously on the 
shell they appear in a definite order, viz,, (1) flattening of ribs, 
(2) lamellose development of concentric growth lines, (3) change 
in the angle of curvature, (4) formation of a groove at the junc- 
tion of the valves, (5) flattening of sinus and fold. This is the 
usual order, though at the cardinal angles they frequently occur 
at approximately the same growth line. 

Originating thus at the cardinal angles, these gerontic features 
are pushed farther and farther forward until in paragerontism 
they are present on the most anterior portion of the shell. 

Massachusetts Institute of Technology 
Geolooical Department 
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THE HABITS OF NECTURUS MACULOSUS\ 
ALBERT C. EYCLESHYMER 

Necturus although widely distributed throughout eastern and 
middle North America, is found most abundantly in the rivers 
tributary to the Great Lakes and in the inland streams and small 
lakes of the adjoining States. Upon the study of the lake species 
(Necturus macvlosus Rafinesque) the following notes are based. 

The many names under which Necturus has been described 
lead to such confusion that some of those most frequently met 
are here given : Necturus macvlatns, Necturus macuiosu>s, Necturus 
lateralis^ Menobranchus lateralis, Menobranchus tetradactyluSy 
Menobranchus sayi, Menobranchus lacepedii, Menobranchps hye^ 
malis, Phanercbranchus tetradactylus, Phanerobranchus lacepedii, 
Triton lateralis, Proteus maculatus, Siredan hyemalis, Siren laoer" 
Una. It is known by fishermen and others unacquainted with 
scientific nomenclature by various names such as: Proteus of 
the Lakes, Proteus of the Alleghany River, Siren of Barton, 
mud-puppy, water-dog, water-lizard, fish-lizard, etc. 

Size. — According to the writer's observations the adults vary 
considerably in size, ranging from twelve to eighteen inches. 
This is based upon an extended series of measurements of indi- 
viduals taken from different localities and comprising not only 
the females taken from their nests in the spring, but also both 
males and females taken in the autumn. It is thus evident that 
the writer cannot agree with David Starr Jordan ('99, p. 175) 
and other eminent systematists that Necturus attains a length 
of 24 inches. In order to ascertain upon what observations these 

^ Rafinesque, in 1818, described this form under the name Sirena maculosa 
(Amer, Monthly Mag. and Crit, Review, vol. 4, 1818, p. 41). In 1819, the 
name Necturus maculatus was given (Joum. de Physique^ vol. 88, 1819, p. 
418). In 1820 the specific name m<icuIosus was restored {Annals of Nature 
or Annual Synopsis of new Genera and Species of AnimalSy Plants . . . .discovered 
in North America. First Annual Number, 1820. Transylvania University, 
March 1, 1820. Lexington, Ky.). * 
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statements are based, the literature has been carefully searched. 

If we turn to the earliest description, given by Schneider (1799, 
p. 50) we read: "Corpus ultra 8 poUices Ipngum." .This 
measurement was given for the specimen which he found in 
Hellwig's cabinet at Braunschweig and which Hellwig had ob- 
tained from Lake Champlain. The specimen descril)ed by 
Lac^pfede (*07, p. 230) was obtained by M. Rodrigues and placed 
in the Natural History Museum but its original source was un- 
known. The specimen measured 15 cm. 

Mitchell ('21) in 1821 received a specimen from Major Dela- 
field taken from Lake St. Clair. In a descriptive letter written 
to Professor Configliacchi of Pavia we read the following: "He 
grows, as I am informed, frequently to the length of two feet. 
The present specimen is not more than one half that length, one 
of the smaller having been selected for the greater ease of trans- 
portation." 

A length of two feet is here mentioned for the first time, and 
as Harlan (*35, p. 164) has already pointed out, this mistake was 
due to the fact that Necturus and Cryptobranchus Were confused 
by Mitchell. In a letter written to Charles de Schreiber in 1823 
Mitchell ('21) even speaks of Necturus as the creature "which 
the white fishermen have called by the vulgar name of Hell-bender 
and the Indians Tweeg." It is not difficult to understand how 
such an error might have occurred since certain naturalists (Daudin 
Lac^pfede, Barton) had considered Necturus as the larval form of 
Cryptobranchus. 

Even Cuvier ('29) writes: "L'esp^ce la plus connue (Meno- 
branchus) vit dans les lacs de T America septentrionale, et devient 
fort grande; atteint dit on, deux et trois pieds." Since this time 
the error has been repeatedly copied. 

Coloration, — The color of the adult is so variable that a descrip- 
tion does little more than emphasize this fact; indeed the writer 
has been so forcibly impressed with this variability that it has 
led to the surmise that Necturus possesses the ability, more or 
less common to other Amphibia, of changing its color through 
its control of the black chromatophores. The animal usually 
appears a dark ashy brown above, with more or less irregular 
mottling; below it is more evenly colored and of an ashy flesh 
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tint. The mottling is due to the presence of large irregular dark 
areas which are surrounded by a pale yellow margin. Often 
these spots coalesce to form larger areas or bands. In the younger 
animals there is frequently a dark band extending from the nostril 
to the eye, from the eye to the anterior margin of the gills, and 
from the posterior margin of the gills backward along the side 
of the body. In some cases the upper surface presents no large 
areas but is more uniform, and the chromatophores and lipo- 
chromes are so distributed that the surface presents a granular 
i^pearance. The ventral surface of the body frequently becomes 
lighter toward the median line and in some a sharply defined 
linea alba is present. The lower part of the head and tail are 
frequently dotted with small clusters of lipochromes. 

In short, the contrast of black and yellow may in some appear 
vivid, in others subdued and again disappear almost entirely. 
It is probable that these variations in color are responsible for 
a number of specific names. As an instance I might state that 
some years ago Dr. Gamier ('88) described a small Necturus, 
taken from the Maitland and Lucknow Rivers in Ontario, to 
which he gave the name Menohranchus lateralis, var. latastei. 
"The colouration above was black, the abdomen sooty and the 
gular fold white." 

During the summer of 1904 the writer was fortunate enough 
to secure two young animals which measured about 4 and 6 inches 
respectively. The smaller corresponds closely to the description 
given by Dr. Gamier and there is every reason for believing that 
the animal in question is the young of Necturus nOaculosvs. The 
older of the two presents the general coloration of the adult. That 
Necturus should undergo such striking changes in color may 
appear remarkable to one who has not studied the early stages 
but when one has followed the changes in color patterns during 
growth he finds that they are no less striking and remarkable 
than in the birds. 

Habitat. — The environment to which they are best adapted 
is not known. In spring and summer excepting the time of egg- 
laying they are most frequently observed in quiet waters from 
four to eight feet deep where a clean sandy bottom is fairly well 
covered by vegetation. In the autumn they are found in pairs 
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or small groups. From this fact and others to be recorded later 
it is inferred that this is the mating season. 

At times they seem to congregate in large numbers. Milner 
(74, p. 62) states that "Mr. George Clark of Ecorse, Mich., had 
a minnow-seine fitted to the bag of a sweep-net, and at one haul 
took two thousand of the * water-lizards.' Estimating the extent 
that the net had passed over, he calculated the average number 
of 'lizards,' to each square rod, to be four." Milner again states 
that "a fisherman at Evanston, 111., a few years ago had nine 
hundred hooks set in the lake, and in one day took from theswe 
five hundred lizards." 

Holbrook says that "they are seldom taken except in the months 
of April and May." Kneeland states that "they are rarely if 
ever seen except during the winter." The writer has repeatedly 
taken them through the ice on set lines during the months of 
January and February. Reese also reports having taken them 
through the ice in February. While there are no records showing 
that they are taken in all the winter months there is but little 
doubt that they are more or less active throughout the winter, 
a fact which indicates the absence of a period of hibernation. 

Necturus moves from place to place at night and rests quietly 
beneath boards, logs, or stones during the day. In aquaria they 
avoid the sunlight, and retire if possible to a shaded portion and 
always seek concealment. Their movement in the water is slow 
and is effected Hby walking, in which act the diagonally opposite 
legs move in unison. When disturbed they move with celerity 
through a vigorous lateral motion of the broad and powerful tail, 
with^J^the feet closely applied to the body and motionless. They 
never swim long distances, at most a few yards, then seek con- 
cealment either in the mud or beneath some object. 

One is rarely fortunate enough to get a glimpse of them during 
the day; they seem to be extremely sensitive and disappear at 
the slightest disturbance of the water, such as that caused by 
the approach of a boat. If they are undisturbed, one usually 
sees the head protruding from beneath the concealing object. 
The animal thus presents a curious appearance with its ruby 
gills moving gracefully to and fro. When they are disturbed 
the gills change from their bright red to a dusky color and are 
at once drawn down tightly against the neck. 



Digitized by 



Google 



No. 470] HABITS OF NECTURUS 127 

When these animals are retained in aquaria they are frequently 
observed to thrust their snouts above the water, open the mouth 
widely, and then return to the bottom where they soon expel the 
air both through the gill slits and from the mouth. It would 
thus seem that while the branchiae are the chief means of respira- 
tion the lungs play considerable part. Kneeland ('59) made some 
very interesting observations on this point which are here quoted. 
**He put two of these reptiles into an aquarium with half a dozen 
minnows, varying in size from two to three inches. The fish 
were frequently seen nibbling at the expanded gills of the rep- 
tiles, which as often suddenly darted from their ordinary state of 
repose, attempting to seize the fish, which they never succeeded in 
doing. In about ten days the menobranchs had nothing left of 
the gills but the almost bare cartilaginous supports, with only 
here and there a branchial fringe. The fish were then taken 
out, and the branchial fringes began to grow again, and in the 
course of six months had regained about half their normal size. 
He had watched these reptiles for two summers, and no similar 
falling of the gills ever took place, so that it appears in the pres- 
ent instance that the fish actually eat them off, theur loss being a 
pathological and not a natural phenomenon. In either case this fact 
seems interesting from a physiological point of view, as bearing 
upon the respiratory organs of these reptiles. He had ascertained 
experimentally that they survive out of water about four hours, 
showing that their pulmonary sacs, or lungs, are not alone suf- 
ficient for the maintenance of respiration. In the present in- 
stance, though their pulmonary sacs were the principal respira- 
tory organs, the animals did not apparentiy suffer 

"The question arises, why are these hmgs apparently suflScient 
for respiration in the water and not in the air, though the respired 
element be in both cases the same? As there is no evidence of 
internal gills, the reason must be that in the air the branchial 
tufts from dryness are unfit for circulating the blood, the com- 
plimentary respiration of the skin, so important in reptiles, can- 
not be carried on — the pulmonary sacs alone are insuflBcient 
for the aeration of the blood, and the animal dies. In the water, 
however, even though the branchife, as in this case be useless, 
the cutaneous respiration is unimpeded and with the pulmonary 
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IS sufficient for the purification of the blood. This fact shows 
the importance of the cutaneous respiration and the insufficiency 
of the pulmonary." 

Food. — Concerning their natural food little is known beyond 
the fact that dissections of the alimentary tract reveal the presence 
of small crustaceans, insect larvae, and occasionally a small fish. 
Harlan ('35) and James (*23) both record having found earth- 
worms in the alimentary tract. Kneeland ('58) says: "They 
seize living worms eagerly and suck them down, if small, with 
a single sudden swallow; if the worm be large, it is swallowed 
by repeated spctions, the teeth preventing its escape; the act 
of suction may be seen by the movements of the impurities in 
the water, as it is drawn in and afterwards expelled. They often 
miss the worm; sometimes it may be too far oflf, but at others 
so close to them that it seems that their vision must be imperfect. 
They will not eat a dead worm unless they have been kept with- 
out food for a considerable time." 

A very curious performance was witnessed by Kneeland and 
reported by the secretary of the Boston Society of Natural His- 
tory as follows: "A number of Necturi had been without food 
for five months when four living minnows were placed in the 
aquarium, three of the four minnows were swallowed before 
the expiration of fifteen minutes, and among them the largest. 
After they had swallowed them, they seemed very uneasy, moving 
the bones of the head and jaws, and contorting their bodies in 
various ways, as if they did not feel quite easy in their stomachs; 
however they at last became quiet, but at the end of twenty hours 
they became uncommonly active, and the three fish were regurgi- 
tated with the scales oflf, the eyes out, and the entrails of the 
smallest gone; they were perfectly white, and looked like ghosts 
of fish. It was either diet to gross for their delicate and weak- 
ened stomachs, or else not sufficiently comminuted for the action 
of their gastric juice." Gamier says that they eat small living 
fish and crayfish by preference, and do not readily take meat 
in captivity. 

Montgomery states that "from observations of the Meno- 
branchus in an aquarium plentifully stocked with molluscs, lAich 
as Physidae, Limnseans, Paludinse, Planorbes, Anodonts, etc., as 
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well as crustaceans I am not warranted in asserting that it feeds 
on anything other than true fishes." 

Milner quotes Clark as stating that "those taken at Ecorse, 
Mich., were so gorged with white-fish spawn that when they were 
thrown on shore, hundreds of egg3 would fly out of their mouths." 

The writer has tried to feed them with various kinds of food. 
Necturus will readily eat living earthworms but will pay no atten- 
tion to dead ones. Pieces of liver which are held in forceps and 
moved gently through the water in close proximity to the snout they 
seize and devour. But the most satisfactory food is small minnows 
which at intervals are placed in the aquaria. The movements 
of the minnows seem to excite the animals whose heads are soon 
seen protruding from beneath the concealing objects. When 
the minnow comes in close proximity there is a flash-like move- 
ment toward the minnow which in turn either escapes or is swal- 
lowed. The writer has observed repeated failures to catch the 
minnow, but the persistence of the animal Ls remarkable and 
it sooner or later succeeds. 

From the fact that whenever the water Ls disturbed in the vicin- 
ity of the snout they snap viciously one is led to infer that in taking 
food they rely almost entirely upon the tactile sense. 

Necturus is much dreaded by the ordinary fishermen who re- 
gard them as poisonous as do also the Indians (Durkee). Ac- 
cording to Gibbes ('53) the negroes are terrified by its presence. 
He says that "the piggin or wooden vessel, in which an animal 
was placed after its capture, was destroyed by the negro to whom 
it belonged, who was resolved never to carry food in it or eat out 
of it again." Notwithstanding this popular superstition the ani- 
mal is perfectly harmless and may be handled at pleasure. Its 
flesh is white and said to he very palatable by Wilder (74) who 
writes as follows: "In preparing a paper upon their anatomy 
and embryology, Dr. W. S. Barnard and myself have had occa- 
sion to use them in numbers; and a single fisherman, who sets 
many hooks for fish has brought us a hundred during the past 
month (March); he, and all others, apparently r^ard them as 
poisonous, and are rather averse to touching them; so far is this 
from the case, that they are absolutely harmless in every way: 
and on the 5th Dr. Barnard and myself ate one which was cooked. 
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and found it excellent: it is our intention to recommend it as 
food, but not until our investigations are complete." 

Their great tenacity of life is a matter of frequent comment. 
They seem to be able to live for nlonths without food. They 
have been left for three or four hours out of water and are then 
easily revived. After severe mutilations they recover, but not- 
withstanding this great vitality they seem to fall easy victims of 
a fungus which has not as yet been determined specifically. Mr. 
Browne (Milner, 74) of Grand Haven, Michigan, states that 
"some years ago, an epidemic seemed to prevail among the Meno- 
branchi in Grand River, in the month of June, and that their 
carcasses were washed ashore by hundreds, so that they lined 
the banks of the river and the mill-men were obliged to throw 
the bodies off into the current, to be carried down stream to pre- 
vent the offensive stench that was wafted into the mills from the 
decaying remains." 

Casting of Epidermis. — EIneeland (*57) states that Necturus 
sheds its epidermis in the winter. "They shed their skins at 
this season; I have had several with the old skin hanging to the 
new in shreds and patches, which are washed off by the water 
m two or three days, leaving the colors of the new skin very 
bright; the edges of the tail are then so thin and transparent 
that the network of blood vessels can be seen with the naked 
eye." 

While endeavoring to obtain a photograph of Necturus on 
February 9, 1897, Mr. A. H. Cole, one of my students, observed 
the animal cast its epidermis. His notes read as follows: "The 
epidermis as a thin layer appeared to have loosened from the 
entire surface of the body, appearing frosty-white with bubbles 
of air. The loosened epidermis was split along the mid-dorsal 
line, its free edges floating upward in ragged streamers. On the 
following day none of the epidermis remained excepting glove- 
like portions which were yet attached to the feet; these portions 
were not cast until two days later." 

Breeding Habits, — Although more than a century has elapsed 
since Necturus became an object of special study on the part of 
both American and European naturalists, no one seemed fortu- 
nate enough to obtain embryological material until Professor 
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Charles O. Whitman some eighteen years ago discovered the 
nests and obtained a complete series of developmental stages. 

Those who sought the embryological material were forced to 
enter an imexplored field. No one felt certain that he had even 
found the adult animal, since the error of Mitchell, that the adult 
measured two feet, had been and is yet, copied by the leading 
systematists. Moreover, Barton (Gray, *57, p. 61) held that the 
animal was the larval form of Cryptobranchus. Cope ('66) ex- 
pressed the opinion that it was a larval Sperlerpes and changed 
in the same manner as the Siredon to an Amblystoma. Baird 
('60) suggested that it might be the unmetamorphosed form of 
some great salamander as yet unknown. If the above were true 
it then remained to be determined whether the animal bred in 
the larval or the adult condition, or in both. All these possibil- 
ities demanded careful consideration. 

Again it was not known whether they were purely aquatic or 
whether they came frequently on land, as described by Smith 
('32), DeKay ('42), and others. When this question was an- 
swered others arose, and foremost among these was the time of 
breeding. Concerning this period there were numerous con- 
jectures. Kneeland ('57) states that the animals were taken in 
abundance near the shore during the winter months. "The 
reason why they approach the shore at this season may be on 
account of this change in skin, and possibly for breeding purposes. 
About once a week they pass from the anus a gelatinous mass, 
about the size of a pea, of a whitish color, I thought this might 
be possibly an egg, but the envelope soon becomes soft in water, 
and its contents are lengthened out into a somewhat convoluted 
form." 

Holbrook ('42) observes that they are "seldom taken except 
in the months of April and May which is their spawning season. 
Their eggs are about the size of peas and as many as one hundred 
and fifty have been counted in a single female." 

Milner ('74) states that a "full series was this season ('73) col- 
lected from the Detroit River, from the length of one and one 
fourth inches to thirteen inches. Later, about the middle of the 
month of July, Mr. George Clark collected a quantity of their 
^gs, proving this month to be the spawning season of the animal." 
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Spring, summer, and winter were each r^arded as the breed- 
ing season and, so far as the observations were concerned, with 
equal degrees of probability. 

Thus there was little to be gathered from the obsen^ations pre- 
viously made. The only reliable data were to be obtained through 
a systematic examination of the ovarian eggs at different seasons 
of the year. Even when this tedious work had been earned out 
and clews obtained as to the egg-laying period, other and greater 
difficulties arose. The Great Lakes and their tributary streams 
in which Necturus had been reported most abundant were usually 
so clouded by muddy water that search for eggs was futile. Local- 
ities must be found where the animals were plentiful and where 
the water remained clear. The small inland lakes of eastern 
Wisconsin seemed best to fulfil these conditions. Again, no one 
knew or had even suggested where the animals deposited their 
eggs, whether in deep or shallow water, whether they were laid 
in masses in open places like those of Amblystoma, or scattered 
in strings like those of the toad, or laid singly and concealed among 
the leaves and branches of aquatic plants like those of the newt. 

The knowledge of the egg-laying habits of other Amphibia 
gave no clue, but nevertheless the work was continued and after 
years of persistent and patient effort Professor Whitman finally 
discovered the nests and eggs of Necturus. Only those who have 
for years been baffled in their attempts to obtain the embryological 
material of other North American Urodeles, such as the Siren, 
Amphiuma, and Cryptobranchus can properly appreciate the 
enormity of the task. 

Through the kindness of Professor Whitman the writer first 
obtained a knowledge of the habits and breeding places of Nec- 
turus, and each summer for the past eight years has made obser- 
vations on the habits of these animals in their natural environment. 

Egg4aying. — The time of egg-laying varies in different lakes, 
depending upon the time when the temperature of the water reaches 
a certain degree. In the larger, deeper lakes with bold shores 
this is much later than in those possessing wide shoals. Again, 
in the individual lakes the time is dependent upon the same con- 
ditions. The eggs are first deposited in those localities where 
the water is shallow and exposed for the greater part of the day 
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to the sun. The period of egg-laying usually covers two or three 
weeks. There is no foundation whatever for the statement made 
by Hans Virchow^ that the animals deposit their ^gs so to speak 
at the same hour. 

According to Professor Whitman's and my own experience the 
best time for collecting is during the middle and latter parts of 
the month of May. The writer has collected eggs as early as 
May 3, and as late as June 5, but these extremes mark the begin- 
ning and closing of the early and late seasons. 

Preparatory to egg-laying, Necturus seeks the sandy shoals of 
the lakes or streams. They seem to prefer those locahties where 
the bottom is strewn with numerous logs and boards. It is more 
than probable that the animals seek these grounds at night since 
they are rarely if ever seen moving about during the day. 

During the day they lie quietly concealed beneath the various 
objects and one not familiar with their habits would rarely if ever 
detect their presence. If one desires to see the animals in theur 
natural positions he must approach with much care and he may 
perchance be rewarded by seeing the head of one protruding. If, 
however, the jar of the boat or the scraping of an oar has caused 
them to hide, he must overturn the concealing object. If this 
is done with great care the animal is occasionally undisturbed 
and lies for some time motionless, then begins to crawl slowly 
about. If, however, the disturbance be violent it darts away 
and conceals itself beneath some other objects 

The nest of Necturus, if indeed, such it may be called, is, as 
has been said, always carefully concealed beneath some object 
and consists of nothing more than a slight excavation in the sand 
with a narrow opening through which the animal's head pro- 
trudes; the nest is thus perfectly guarded against the attacks of 
enemies. The objects beneath which the nests are most frequently 
found are clean logs or boards which lie partially imbedded in 

^ SUzb. Ges. naturf. Freunde zu Berlin, 1894, p. 37: "Necturus kommt 
. in den zalreichen Seeen im sUdlichen Wisconsin hftufig vor und auch an 
anderen Stellen der Vereinigten Staaten. Die Laichzeit ist nach mtindlichen 
Angaben der BrQder Meyer Mitte Mai,^ im Jahre 1893 fiel sie auf den 22. Mai, 
d. h. spftter wie gew6hnlich; sie variirt nach dem Wasseretande. Die Thiere 
legen nicht zu verschiedenen Zeiten ab, sondem angeblich zu g^eicher Zeit, 
sozusagen auf dieselbe Stunde/' 
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the sand. The writer has also found them beneath pieces of 
tin, canvas, and even an old hat 

The depth of the water in which these nests are found, is vari- 
able. The writer has found nests covered by only four inches of 
water, again a nest was found beneath a board at a depth of ten 
feet, but these are unusual conditions. The majority of nests are 
found at a depth of from two to four feet. The nests are often 
found in close proximity to one another; and it is not at all excep- 
tional to find several nests on a single board frequently not more 
than a foot or two apart. In one instance ten nests were taken 
from a single board not more than twelve feet long. 

In order to facilitate the collection of eggs it has been found ad- 
vantageous to place boards in suitable localities during the early 
spring months. When the breeding time has come many of these 
shelters will have been chosen as nesting places. 

During egg-laying the males are never found with the females, 
and where they remain is unknown. In just what manner the 
female deposits the eggs is also problematic. There are different 
stories told by those who during recent years have acquired some 
knowledge of their habits. In some way the female brings her 
body in such a position that? the eggs are deposited on the shelter- 
ing object. When the laying is finished the eggs are found scat- 
tered over a surface from six to twelve inches in diameter. The 
^gs are attached singly by the outermost of the three enclosing 
envelopes and are about a quarter of an inch in diameter, of a 
pale cream-color, sometimes showing a faint tinge of green. 

The period of deposition undoubtedly covers many hours and 
probably in some instances, days, since in several cases all the 
^gs were removed from nests and the following day freshly de- 
posited ^gs were found. Further proof is found in that the same 
nests frequently contain eggs in both early and late cleavage stages. . 
This supposition is further confirmed by the fact that some days 
after the beginning of egg-laying the oviducts yet contain mature 
eggs. 

If one wishes to leave the nest in such a condition that the fe- 
male will return and continue laying he must exercise great care 
in replacing the object to which the eggs are attached. If the 
nest be much disturbed, one will find upon his return for a^fresh 
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supply of eggs, that even those which were left are missing. Sev- 
eral times the writer has found an animal in the nest whose stom- 
ach was distended with eggs. The inference, although positive 
proof is wanting, is that the parent devours her egg3 when the 
nest is much disturbed. 

The length of time which intervenes l)etween deposition and 
the b^^ning of cleavage has been accurately determined in a 
single instance in which four eggs were deposited after the animal 
was placed in the aquarium. These were placed in a hatching 
dish in which the water was 17° C. In one egg the first cleavage 
groove appeared in 18 hours, in two at 20 hours, and in one at 
23 hours. The time in some cases certainly exceeds 24 hours, 
smce eggs taken from the nest were kept in a hatching dish for 
this length of time before cleavage began. 
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NOTES AND LITERATURE. 

ZOOLOGY. 

Kellogg'8 American Insects.^ — It is gratifying to observe the great 
progress that is being made in the science of entomology, and to 
welcome a book such as the author now brings before the public. 
While the biolo^cal side is strongly emphasized it is not overdone 
and we have the subject presented in a much broader sense than 
has perhaps ever been done in a single volume. It is written in a 
clear and popular style, and the fact that the species of economic 
importance are more fully treated adds much towards making the 
work of general interest. The 674 pages are illustrated by over 
800 figures in the text and 18 colored plates, well selected tp show 
the biologic, systematic, and economic features in the study of insect 
life. 

The first chapter treats of the structure and special physiology of 
insects, and the second of the development and metamorphosb, 
followed by the classification and description of the various groups 
arranged under 19 orders, with keys to the. families and many of the 
genera. 

The student will naturally compare this work with that concise 
and well balanced volume, Coihstock's MdnticUf — a work dearer to 
the hearts of American entonaologists to-day than a year or two after 
its publication. While the new work is quite different in its general 
makeup, and of a more popular nature, it has not been edited with 
as much care, but, considering the size of the volume there are com- 
paratively few mistakes, and those which might be misleading to the 
yoiuig student can be briefly noted as follows: on page 201 the figure 
of Ranatra ]vsca represents either an imperfect specimen, without 
wings, or an immature example; the respiratory tube is also poorly 
shown; Fig. 317 is a Micromus not Hemerobius; Coptocycla auri- 
chalcea, Fig. 389, and Cassida bicolor mentioned in the text (page 
281) are synonymous (the latter specific name is now used); Fig. 

^ Kellogg, Vernon L. American Insects. New York, Henry Holt and 
Co., 1905. Svo, vii4-674 pp., 13 pis., 812 text figs. $6.00. 
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463 is Dasyllis sacrator; Fig. 500 is Sepedon fuscipennis not fasci- 
pennis; Plate 12, Fig. 3, is Synchlo^ reakirtii not genutia; Plate 13, 
Fig. 3 is an Elis sp.; Figs. 681 and 682 undoubtedly represent the 
same species. Although questioned, it is hard to account for Fig. 
684, which belongs to an entirely different family; the male of Pefe- 
ciniLS polyturatar is figured in Packard's Guide to the Study of Insects, 

Following the chapters devoted to the descriptions of the various 
orders is a very interesting chapter on insects and flowers in which 
the pollination of various plants by insects is described. A chapter 
on "Color and Pattern and their Uses" presents a subject open to 
much criticism. There is a tendency to carry the so called " mimicry," 
or preferably protective resemblance, beyond the limits of our every- 
day walks in the fields and woods, t. e., to emphasize this feature by 
selecting the most pronounced forms from the fauna of the world and 
arranging them in museums regardless of their natural surroundings. 
The "dead-leaf butterfly" (Kallima) is very effective arranged on a 
twig among the dried leaves of the elm or beech, but when we read 
that the butterfly usually alights on the trunk of the tree head down- 
ward, the charm is broken. Our various species of Polygonia (Grapta) 
and several groups of moths present fully as interesting example of 
protective resemblance. A very instructive and timely chapter b 
devoted to insects and disease. The work concludes with an appen- 
dix on collecting and rearing insects. 

C.W.J. 

Kingsley's Elements of Comparatiye Zoology.^ — In this second 
edition of Kingsley's Elements of Comparative Zodlogy the most 
marked changes from the first edition (1897) are due to a re- 
arrangement, the descriptive part being separated from the labora- 
tory directions and brought together to form the last two thirds of 
the book, under the heading, in the table of contents, of "Systematic 
Zoology." This plan, which is that adopted by the same author 
in his Comparative Zodlogy of Vertebrates, would seem to be of 
distinct pedagogical value owing to the confusion in the student's 
mind arising froffi the discontinuity of the other arrangement. The 
questions for a tabular comparison of the forms studied and the groups 
to which they belong — an especially valuable feature — have been 
retained, and in a few cases somewhat extended. On page 108 there 
b a repetition of questions (3 and 7) which should be corrected. 

L. J. C. 

^Kingsley, J. S. Elements of Comparative Zoology. Second edition, revised. 
New York, Henry Holt and Co., 1904. 8vo, x + 437 pp. 



Digitized by 



Google 



No. 470] NOTES AND LITERATURE 139 

Punnett's Mendelism.^— A useful popular exposition of Mendel's 
law of heredity. It contains a brief biographical sketch of Gregor 
Mendel, an account of his experiments in hybridizing plants, the 
rediscovery of his law of heredity long after Mendel's death, with 
numerous examples of Mendelian inheritance in animak as well 
as in plants. No complete account is given of the development of 
Mendelian theory since 1900, nor does the book contain a bibliog- 
raphy. 

W. E. C. 

H&ntssch's Birds of Iceland.^ — This substantial contribution 
to faunal ornithology is a good example of the present-day "local 
list," or rSsumS of the avifauna of a circumscribed area. Iceland, 
because of its position and physical features, affords an unusually 
interesting field for study. The grass-lands, the moors, the barren 
mountain tops, the glaciers, rivers, woods, and sea here provide a 
variety of country, but the rigorous environment is unsuited to many 
land birds. 

The author in his introduction, summarizes briefly the ornitho- 
logical literature of Iceland, and at the end of the chapter Usts the 
more important works dealing with Icelandic birds. The topography 
of the island is then treated and the species peculiar to the different 
areas are listed. An interesting feature is the hot springs which 
never freeze in the winter and make it possible for certain species 
to pass the cold season in their vicinity far to the north of their usual 
winter range. 

A number of changes in the avifauna within historic times are 
noted. Certain birds of prey have evidently decreased, as have also 
certain fresh-water ducks. Eider ducks, owing to recent protective 
legislation are more abundant now than formerly. The cliff-breed- 
mg Alcida are for the most part holding their own. The Great Auk 
was exterminated in Iceland in 1844. Following chapters deal with 
the derivation of the birds of the region, their migrations, and their 
economic importance to the Icelandic people. The migrations are 
of particular interest and might well have been treated in more detail. 
A number of wanderers reach Iceland during the fall migrations. 



'Punnett, R. C. Mendelism. Macmillan and Co., London, 1905. 16mo, 
vii + 63 pp. 

^Hantzsch, Bemhard. Beilrag zur Kenntnis der VogelweU Islands, Berlin, 
R. Friedlanderand Sohn, 1905. 8vo, vi -f 341 pp.. 26 figs., 1 map. 12 Marks. 
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having .evidently been blown out to sea by southerly storms in crossing 
f|X)i^ Norway to the landls to the south. Migrants to the far north 
and Qreenland, pass, through on their migrations, or come down in 
fall.to .winter, for tjie warm. Gulf Streana waters keep the southern 
coast of Iceland largely ppep in the cold months. The fall migration 
of native birds is chiefly to the sputheast, i;;mi the Faroe Islands to 
the British IsJ^ or to. southern Norway, and the reverse in spring. 

The second part of the book is devoted to the annotated list of 
Icelandic birds, with synonymy, and notes on the habits. One 
hundred and twenty species are recorded as certainly known, exclu- 
sive pf the Great Auk. The greater part of these are water bi^rds, 
and some tjiirty-two pnly are land birds, of which latter, but twelve 
are. kpown tp breed in Icelfind. In the notes relative to the different 
species is brought together a great mass of valuable information 
lately the re^sult of the author's personal experience. A few of the 
more interesting notes are the account of the nesting of Megalestris 
skua; the occurrence of a single specimen of the Yellow-nosed Alba- 
tros (Thalassogeron chlororhynchus) for several seasons on the south 
coa^t until shot (in 1846) ;, the nesting habits of Barrow's Golden- 
eye Duck; and the occurrence of such Anaerican species as the Amer- 
ican Widgeoi;!, BeUed Ifingfisher, the I^apland Longspur (rarely 
qote^ with flopks of Snow Buntings) . 

The author's u^e of Latin names differs somewhat from the accepted 
usage pf American,; ornithologists. TJius the Kittiwake is Rissa 
rissa; Palidna. is used as an einendation of Pelidna. We are glad 
to note, however, that the Ringed Murre is not considered a distinct 
species. from Vfia irqUe. 

.'.,.' ,,G..M. A. . 

Holder's Half Haul's with the Lower Animals.^ — Dr. Holder, to 
use his own rather awkward phraseology, has "endeavored to make 
this volume a popular combined review and supplemental reader oh 
the lower forms of animal life from the Amoeba to the insects 
inclusive." There are twenty-nine chapters, twelve 6f which are 
devoted to the different families of insects, four to crustaceans, and 
one each to ' most of the other groups. It seems to the present 
reviewer a mistake to have attempted the combination of text-book 
and reader. The result is neither fish, flesh, nor fowl. There is 

* Holder, Charles F. Half Hours with the Lower Animals. Protozoans ^ 
Sponges, Corals, Shells, Insects and Crustaceans. New York, American Book 
Company, 1905. 8vo, 236 pp., illus. 
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a great deal of information about the more interesting species, en- 
livened by bits of personal observation on the Florida reefs and off 
the California coast. Every now and then the author remembers 
that the book was also intended for a text-book, and injects accounts 
of the external or internal anatomy of the group qr species under 
discussion with references to accompanying figures. There b con- 
stant evidence either of careless throwing together of notes or of a 
very poor literary handling of material. On page 81 the reader 
has been hearing about Lingula for nearly two p^es, when suddenly 
in the very midst of a paragraph he takes a flying leap into a Sikh 
rebellion in India and is put to flight by a horde of land leeches which 
drop from the trees.. On page 213, the author, speaking of butter- 
flies, refers to a figure of the head of a moth; moreover the figure 
dhows the pollinia of an orchid attached to the moth's eyes, and the 
reader is allowed to assume that they , are a structural part of the 
head. 

The book has decided merit as a reference book or a supplementary 
reader for a class in nature study. If the author had not coquetted 
with the text-book idea, and had arranged his material with more 
care, the book could have been greatly improved. The illustrations 
are excellent. 

R- H. 

Notes. — Additional Records for New England Crustacea. Since the 
publication of Miss Rathbun's list of the New England Crustacea 
(Occasional Papers Boston Soc. Nat. Hist., vol. 7, no. 5, July, 1905) 
the vniter has gone over the study series of the Society's collection 
and the more recent acquisitions. During this work notes were made 
when the specimens found added something to the records published 
in that list, either in the way of localities, extension of range, or the 
animals with which the crustacean was associated either as a para- 
site or in a symbiotic relation. These records follow : — 

Uca minax (LeConte). — Above Fall River, on the Taunton River, 
were found all three species of Uca; on sandy flats on the outer river 
bank were found U. jmgnax (Smith) common, and U. pugilator 
(Bosc.) a few. In Thatch Pond, a somewhat protected area, were 
found U. jmgnax, a few, and U. minax (LeConte) very plentifully. 

Sesarma reticulatum (Say). — A single specimen of a male from 
Bristol, R. I., and several specimens from Wood's Hole, Mass. 

Pinnotheres maculatus Say. — Specimens from gills of Modiolus 
modiolus Linn6, Vineyard Sound. 
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Pagurus poUicaris Say. — A single specimen from Beverly Bridge, 
Mass., collected by J. H. Emerton, gives a northward extension to 
the range of this species. 

Cirolana polita (Stimpson). — Specimens from Ipswich, Mass. 

jEga psora (Linn6). — Single specimens from Head Harbor, Me., 
Matinicus Island, Me., and off Thatcher's Island, Mass. 

Nerocila munda Harger. — Specimens from fins of file fish. Buzzards 
Bay, Mass. 

Chiridoiea cceca (Say). — Eastport, Me. 

Aselltts communis Say. — Salem (J. S. Kingsley, coll.) and Boston, 
Mass. (S. Henshaw, coll.). 

Tryphosa pinguis (Boeck). — '■ Eastport, Me., (A. S. Packard, coll.). 

Ampelisca macrocephala Lilljeborg. — Specimens from Grand Ma- 
nan give a more northern record. There are also specimens from 
No Man's Land, Mass. (A. Hyatt, coll.). 

Ampelisca compressa Holmes. — Also from No Man's Land, Mass. 

Byhlis gaimardii (Kroyer). — Eastport, Me. 

Haplodps robusta G. O. Sars. — Massachusetts (H. B. Storer, coll.). 

Acanthazone cuspidata (Lepechin). — Eastport, Me., and oflF Cape 
Ann, Mass., 25 fathoms. 

Lafystius sturixmis Kroyer. — Cape Ann, Mass., on cod. 

Pontogeneia inermis (Kroyer). — Eastport, Me. 

D examine thea Boeck. — Beverly Harbor, Mass., (J. H. Emerton, 
coU.). 

Gammnrus anntdatus Smith. — Noank, Conn. 

M(Bra dams (Stimpson). — Eastport, Me., and off Cape Ann, Mass. 

Ischyrocercus anguipes Kroyer. — Eastport, Me., and Marblehead 
Neck, Mass., (J. H. Emerton coll.). 

Ericthxmius rubricomis (Stimpson). — Eastport, Me., and off Cape 
Ann, Mass. 

Dulichia porrecta (Bate). — Eastport, Me. 

/Egina longicomis spinossima Stimpson. — Salem, Mass. 

Caprella linearis (Linn6). — Annisquam, Mass. 

Lepas anserifera Linn6. — Portland, Me., from vessel. 

Lepas fascicularis Ellis and Solander, — Eastport and Pemaquid, 
Me., Ipswich Bay and Lynn, Mass. 

Lemcea branchialis Linn^. — Annisquam, Mass. 

Eubranchipus vematis (Verrill). — Cohasset, Mass. 

Joseph A. Cushman. 
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BOTANY. 

Smith's Bacteria in Relation to Plant Diseases.^— Bacteriol- 
ogists have long awaited Dr. Smith's work on the bacterial diseases 
of plants. We are now favored with the first part dealing with the 
methods of work and general literature of the subject. The mono- 
graph is not intended to take the place of the many text-books on the 
subject, but rather to supplement them. The work will be found 
useful to animal pathologbts, as well as to plant pathologists. The 
monograph is the outgrowth of the work which has been earned on 
in the study of bacterial diseases of plants in the Laboratory of Plant 
Pathology, United States Department of Agriculture. The methods 
described have all been tested and are now in use in the Department. 
The following suggestions in regard to "A Study of an Organism'* 
should be impressed on every beginner. 

"Every one who has carefully inquired into the matter knows 
that the brief statement of the behaviour of an organism on nutrient 
agar, on gelatin, and on two or three other media, with perhaps a 
loose statement of its color and size, no longer constitutes a description 
which describes. Such accounts, of which there are a great many, 
usually fail to mention just those things which might serve to dis- 
tinguish the organism from its fellows. If a new species is not to be 
described so that it can be identified by others, what then is the use 
of any name or description ? The name will only serve to encumber 
future synonymy and to recall the incapacity of its author." The 
following opics indicate the broad and comprehensive scope of the 
subject matter: The Disease, The Organism, Physiology, Relation 
to Free Oxygen, Luminosity, Bibliography, General Literature, and 
Formulae'. 

The author states that great stress should be laid on the minute 
morphology in a variety of cultures. He recommends especially 
the use of photography in microscopic work, which Dr. Koch has 
said "would certainly have prevented a great number of unripe pub- 

* Smith, Erwin F. Bacteria in Relation to Plant Diseases — Volume 1 , 
Methods of Work and General Literature of Bacteriology exclusive of Plant 
Diseases. Publication No. 27 Caniegie Institution of Washington, 285 pp., 
31 pb., 146 text figs. 
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lications." Not only is it necessary to determine motility, but the 
organs of motility should be stained. The part of the work dealing 
with culture media is an excellent treatise; every working bacteriol- 
ogist can get many valuable suggestions from it. The many con- 
flicting statements as to the behavior of organisms by different authors 
arise largely from the character of the media used. In regard to 
vegetable media, he prefers to have them sterilized in the steamer rather 
than the autoclave. If boiling changes the nature of any fluids it 
is advisable to use the Chamberland or Berkefeld filter, but Chamber- 
land bougies should not be used continuously for more than three 
days, because of the growth of small organisms in the walls of the 
filter, when they should be sterilized. There is a highly interesting 
discussion of sensitiveness to plant acids. The Bacillus trackeiphilus 
is used to show tolerance for sodium hydrate. Its tolerance for 
this substance can be considerably increased by inoculating each 
time from alkaline bouillons rather than from acid ones. The 
thermal r^ktions of bacteria are among the most interesting and 
should be studied with great care. Under the head of economic 
aspects of the subject he argues with force that more attention 
should be given to the collection of accurate statistics by competent 
persons as an aid to legislature and governments. There are some 
excellent suggestions on natural methods of infection, how the para- 
sites are introduced from one field to another by the roots of plants 
and in plants. The soil is a living thing and should not be trans- 
ported from one field to another carelessly; the parasite may gain 
an entrance through wounds, by way of the stomata, lenticels, water 
pores, and nectaries. The keeping of records is an important part 
of the work of the experimenter, and it would be well for every 
bacteriologist to have Dr. Smith's work at hand and follow care- 
fully the outlines given. The beginner should also be interested in 
the card-catalogue system used by the author. 

The systematist will be interested in his discussion of nomenclature 
and classification, a subject naturally in a ver^ chaotic state because 
systematic botanists have given so little attention to it, and medical 
men have cared even less about the classification of bacteria. He 
does not think it advisable to use Bacillus 1, 2, or 3 or A. B. C; if 
the organism is really new and distinct, it should be given a name. 
Every working botanist will agree with him that all polynomials 
like Bacillus coli-communis are to be regarded as ''nomina excludendaJ* 
We agree also that all species antedating the Koch poured-plate 
method, which are not accurately described, should be abandoned. 
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"Thfe Mtcr6coc(^ peHwcidii^; stlthot^' pirblished quite recently 
and in the Comptes RehdU^ of the J'rendh Ac&detny, id not described 
any better." "I find it quite impossible/' says Mr. Stoddert, "to 
identify many species from publbhed descriptions.'* Numerous 
complaints of this sort, made in recent years by well trained and com- 
petent men, suflfecieritly indicate^ the necessity of a thorbiighgoing 
reform. He makies a plea for better and moi*e careful descriptions, 
and concerning the use of the uncertain old nanies says: "Arid 
here I wish to register a protest against' anything of this nature ever 
being done. If, in his own generation, a name cannot' be associated 
beyond doujbt with a particular organism by means of an authbr^s 
description or figures or collected specimens, then this name should 
disappear, never to be revived. Societies of bacteriologists sTioiild 
unite in the near future oh some authoritative date for the beginning 
of species priority, so that some sort of stability may be guaranteed 
to the nomenclature of the future.'* 

In this part of the work there is a good discussion of the more 
modem' systems of classification, that of Cr. Alfred 'Fischer, 1895, 
and the Migula classificiitibn, the latter of which is largely followed 
in this country. He then gives descriptions of the following orders 
and families: order Eiibacteria, family Coccacese (Zopf emend.), 
Mig., family Bacteriacieie, family Chlainydobacteriacese; order Thio- 
bacteria, family Beggiatoacece, fami'y Tlhodobacteriaceaei subfamily 
Thiocapsacece, subfamily Lamprbcystaceae, subfamily Thiopediacese, 
subfamily Amcebobacteriacece, subfamily Chrbmatiacece, to which 
he has very properly added the Myxbbacteriaceae. Some changes 
are proposed in nomenclature of geiiera and species. The genus 
Bacterium (Cohn) takes the place of Pseudombnas of Migula. The 
Psevdomonas campestris becomes Bacterium campestris. The BaciUu8 
anthracis of Cohn is the type of a new geniis, Aphlanobacter. The 
organism then should be called Aphlajiobader anihracis (Cbhn) E. F. 
Smith. The geniis Vibrio (Muller, Cohri) includes the Spirillum 
chotera-asiaticcs. Otherwise he follows the classification of Migula. 
There are good grounds for the changes here proposed. 

The author has brought together formulie for stains, synthetic 
and nonsynthetic culture media, tests for indol, and fixing fluids. 
Sixty-three pages are devoted to bibliography, well arranged and 
frequently provided with abstracts of the papers. Many excellent 
plates accbmpany the paper. The frontispiece contains halftones 
of five eminent bacteriologists: Ferdinand Cohn,- Robert Koch, 
Louis Pasteur, Emile Roux, and Emile Duclaux. 
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Thb volume b the most important piece of general bacteriological 
literature that has been published in this country. It would be well 
indeed to have a copy of it in every working laboratory. 

L. H. Pannuel 

A Bibliographical Index of North American Fungi.^ — For 
about thirty years Professor Farlow has been accumulating a card 
index referring to the fungi of North America. Nearly twenty years 
since, two authors' Usts of works on this subject were published, and 
have been kept at the elbow of every student of our fungi since their 
appearance. The publication has now been commenced of the 
references to genera and species, as Publication No. 8 of the Carnegie 
Institution. 

The preparation of an index may appear to the uninitiated a simple 
matter. A perusal of the author's seven-page preface is calculated 
to undeceive one who holds such an opinion, and the preface also 
contains some of the most sensible of recent commentary on nomen- 
clature in natural hbtory. A full Ust of abbreviations, and their 
consbtent use, have rendered possible a wonderfully condensed pres- 
entation of the references to publications, which are kept within the 
limits of a single text Une each. Synonyms are intelligibly collo- 
cated with accepted names, and free use b made of cross references. 

In the preparation of the index, the author has had the assbtance 
of Mr. Seymour's keen eyes for many years, and it may be predicted 
with safety that no important ombsions will be found. Dr. Farlow's 
own familiarity with the literature of hb subject b second to that of 
no one, and the knowledge of fungi that he has brought to the accept- 
ance of admitted names, the placing of those treated as synonyms, 
and a very free critical annotation, is unequalled. 

The Carnegie Institution is to be congratulated on having under- 
taken the publication of so generally useful a work as the Index of 
North Amencan Fungi, the value of which in facilitating thorough- 
ness of study b certain to make itself felt in all future publications 
on thb important subject. 

W.T. 

Osterhout's Experiments with Plants.' — Thb book brings before 

*Farlow, W. G. Bibliographical Index of North American Fungi. Vol, 1, 
part 1 , " Abrothallus "to'' Badhamia" The Carnegie Institution, Washington, 
Sept. 1, 1905. 8vo, xxxv + 312 pp. 

'Osterhout, W. J. V. Experiments with Plants. New York, The Macmilian 
Company, 1905. 8vo, x + 492 pp., 252 figs. 
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the teacher and student the latest phase in the development of mor- 
phological conceptions. No longer is the plant treated as a mere 
mechanical complex of root, stem, and leaves. Instead it is pre- 
sented as a living being, plastic in its environment. The work of 
root^ stem and leaves, of the flowers and of the fruit, the influence 
of the surroundings upon the plant, are discussed in separate chapters, 
and these matters are made the subjects of extensive experimental 
investigation. Yet these experiments are simple in the extreme, as 
is the apparatus, in the construction of which a great deal of ingenuity 
has been displayed. It is such that any handy, intelligent boy can 
readily make it. 

The primary-school teacher will find this book a valuable adjunct 
in her work; in the high school and university it can be given directly 
into the hands of the student, whom it forces to think rather than be 
content with the absorption of predigested statements. 

The last two chapters, the one on plants which cause decay, fer- 
mentation, and disease and the other on making new kinds of plants, 
bring the laboratory more directly in touch with the outer world since 
they show how man can control dbeases on the one hand and the 
formation of new varieties of fruits and flowers on the other. The 
introduction of a chapter relating chiefly to the work of Burbank and 
de Vries, with both of whom Dr. Osterhout b thoroughly acquainted 
personally, b a distinct innovation as far as botanical text-books are 
concerned. Then, too, the book deals with those other problems, 
which more recently have been suggested to the popular mind by 
newspaper and magazine articles, such problems as the pasteurizing 
of milk, vaccination and antitoxins, the self-purification of rivers and 
streams, nitrifying bacteria, — all of them issues of to-day and of great 
popular interest, interest which will necessarily extend to Experiments 
with Plants, 

The book will prove equally acceptable from a purely botanical 
and from a purely pedagogical standpoint. It is intended to take the 
place of a similar book the writing of which was projected by Pro- 
fessor Bailey, to complete hb series of Botanical Text-books. Cer- 
tainly no one was better qualified to undertake the work than Dr. 
Osterhout, whose clear and concbe manner of presenting the subject 
and whose easy, almost colloquial style make the book attractive. 

The illustrations are as numerous as they are iexcellent. Most of 
them are from original photographs and drawings, a very pleasing 
featiire, since it becomes tiresome to meet again and again the same 
famiUar drawings, however excellent. The bookwork too, deserves 
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commendatioh. A fairly large ty^, good paper, and lack of typo- 
graphical errors are always appreciated! 

•'••■. Hus'- 

Sargent's Mlinaal.^ — No other' person so well equipped for the 
description of North American trees as Professor Satgerit could have 
been found, nor an illustrator so expert and practiced as Mr. Faxon; 
hence it results that ho manual of oiir trees so good as the present 
coiild have been expected from any oiher source. To the makeup 
of the book the Riverside Press have brought their li^al skill. The 
total result, therefore, is a well devised, well written, well illustrated, 
and well made book, condensing into convenient Size what is neces- 
sary for the study of our trees, and yiet riot sTcimpirig the descriptions. 
As was to be expected, the sequence ' (after Engler and Prantl) and 
nomenclature (after Sargent's Silva) are rather radically modem, 
while the treatment of species b rather conservative except in the 
daily amplifying genus Crataegus, to which further species are here 
added. 

A synopsis of families with a key based on their leaves renders the 
first placing of a given form easy, while genera and species are diflPer- 
entiated in the same manner. 

If any fault is to be found with the book it will probably be with the 
absence of synonymy, especially that referring to the new names intro- 
duced, except foi* references to differing names employed in the author's 
Silvd. 

W.T. 

Notes. — Contributions from the Gray Herbarium of Harvard 
University, n. s., no. 31, published as vol. 41, no. 9, of Proceedings of 
the American Academy of Arts and Sciences under date of July 24, 
contains "Descriptions of Spermatophytes from the Soiith western 
United States, Mexico, and Central America," by Greenman, and 
"Diagnoses and Notes relating to American Eupatoriee," by Robin- 
son. 

A reprint of the original edition of NuttalFs Journal of Travels 
into the Arkansas Territory, during the Year 1819, Philadelphia, 1821, 
forms vol. 13 of Thwaites' £ar/^ Western Travels, in' course of publi- 

V Sargent, C. S. Manual of ike Trees of North America exclusive of Mexico, 
Boston and New York, Houghton, Mifflin and Co., 1905. Svo, xxiii + 826 pp., 
644 text figs., with map showing the principal tree regions of the United States. 
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cation by the Arthur H. ClaA Company of Cleveland. The editor's 
preface to the present volume contains an interesting sketch of Nuttall's 
work. 

The 3-vblume edition of James' Account of an Expedition from 
Pittsburgh to the Rocky Mountains, performed in the Yeiars 1819, 1820 
.... under the command of Maj. S. H, Long, London, 1823, forms 
volumes 14-17 inclusive of Th^ait^' Early Western Travels, 

The third series of VegetationsbUder, by Karsten and Schenck 
(Jena, Fischer, 1905) presents^ thus far, "Flower Gardens of BraziUan 
Ants," by Ule, '^Vegetation of ^Russian Turkestan," by E. A. Bessey, 
and the "Vegetation of Java,'' by Biisgen, Jensen, and Busse. 

Professor Peck's "Report of the State Botanfat, 1904" f orms ^i- 
letin 94 (Botany 8) of the New York State Museum, and bears date 
Jiily, 1905. 

Cpste's Flore descriptive et illustrie de la France reaches Orchidace« 

in the recently issued fourth fascicle of vol. 3. 
''..■■ • / 

Vol. 4, part 3; of Vf ood's Natal Plants, issued in Jtme, contains 
plates 351-375, with descriptive text. 

A revised classification of roses, by Baker, b published in the 
Journal of the Linnean Society — Botany, of July 1 . 

Miss Eastwood has published a very usable handbook of the trees 
of California under date of July 3 as Occasional Papers no, 9 of the 
California Academy of Sciences, Leaf, fruit, and general character 
keys make the paper useful, and it is illustrated by 57 plates, partly 
from nature but largely after drawings by the late Dr. Kellogg. 

A revision of Berberis is being published by Schneider in the Bul- 
letin de rHerbier Boissier, 

The species of Crataegus of Berks Co., Pa., are considered by C. L. 
Gruber, of Kutztown, Pa., in three pamphlets, the first two of which 
were issued by the Berks County Natural Science Club in 1903, while 
the last appears in the Bulletin of the Torrey Botanical Club for 1905. 

L. A. Dode has recently issued from vol. 18 of the M&moires de la 
SocUtS d'Histoire NatureUe d'Autun a monographic account of Pop- 
ulus. . 

A note on his American observations on the biennis group of (Eno- 
thera b separately printed by DeVries from the Album der Natuur, 
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Beccari's long-interrupted palm studies have been resumed, and 
he has recently published several important papers in Webbia, issued 
by Count Martelli of Florence. 

Habit photograms of Sabal palmetto are given by Nehrling in Die 
Oartemuelt of July 15. 

A note on some agaves flowering at Le Martola is published by 
Berger in The Gardeners* Chronicle of August 26. 

From tests recorded in Bulletin no. 72 Bureau of Plant Industry, 
U. 5. Department of Agriculture, Scofield concludes that the salt water 
limit of Zizania aquatica is approximately represented by 0.03 of the 
normal solution of sodium chloride, — when the water is not appre- 
ciably salty to the taste. 

An illustrated paper on the ancestors of the "Big Trees" (Sequoia), 
by Berry, appears in Popular Science Monthly for September. 

According to vol. 5, no. 3, of the Bulletin du Jardin Imp^riale Bota- 
nique de St Pitersbourg,ihe St. Petersburg garden has recently secured 
three specimens of Osmunda regalis over 1000 years old. 

Two fascicles (222 and 223) of Engler and Prantl's Die natiirlichen 
Pflanzenfamilien, by Brotherus, dealing with mosses, have recently 
been issued. 

A lecture on diatoms with illustrations, by Mann, is contained in 
Vol. 48, part 1, of Smithsonian Miscellaneous Collections, 

Regeneration among kelps b considered by Setchell in vol. 2, no. 5, 
of University of California Publications — Botany, 

A well illustrated popular account of desert plants is published by 
Holder in The Country Calendar of August. 

A paper on the megaspore membrane of the gymnosperms, by 
Thomson, forms no. 4 of the University of Toronto Studies, Biology 
ical Series. 

Karyokinetic papers of importance occupy vol. 24, part 1, of the 
JahrbUcher fur wissenschaftliche Botanik, issued in July. 

The importance of investigations of seedling stages, as presented 
by Dr. Harris before the St. Louis Congress of 1904, is analyzed in 
Science of August 11. 
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A paper on seed studies made by Todaro at the Modena agricul- 
tural station is publbhed in Le Stazixmi Sperimentali AgraHe lUdiane, 
vol. 38, fascicle 5-6, with a colored plate showing the tests of dry and 
viable seeds of Trifolium and Hedysarum. 

A paper on the dispersal of seeds by wind is published by Ridley in 
the Annals of Botany for July. 

The pollination of Cypripedium spectabile by honey-bees is de- 
scribed and photographically illustrated by W. H. Sargent in Country 
Life in America for September. 

A paper on the insect galb of Indiana, by M. T. Cook, b published 
in the 29th Anmud Report of the Indiana Department of Geology and 
Natural Resources. 

A paper on "The Science of Plant Pathology" is published by 
Stevens in Popular Science Monthly for September. 

Hedgcock, in Science of July 28, reports some of the results of his 
work with "crown gall" of fruit trees, walnuts, etc. 

Some vine diseases in Sonoma County, Cal., are discussed by Butler 
in BvUetin no. 168 of the Agricultural Experiment Station of the Uni' 
versity of California. 

A report on plant diseases of the State, by Sheldon, forms Bulletin 
no. 96 of the West Virginia Agricultural Experiment Station, issued 
on June 30. 

A second Hemileia, on orchids, is described and figured by Massee 
in The Gardeners' Chronicle oi August 19. 

A paper on white rust of the lemon is published by Cavara and 
Mollica in vol. 17 of the Atti della Accademia Gioenia di Catania. 

Three new fungi from Catalina Island are described by Ellis and 
Everhart in the April BvUetin of the Southern California Academy of 
Sciences, which also contains a short article by Blanche Trask on San 
Jacinto plants. 

Nigrosphceria is the name given by Gardner to a new genus pro- 
posed for SphoBria (Hypocrea) setcheUii Harkness, in vol. 2, no. 6, of 
University of California Publications — Botany. 

Thaxter publishes "Preliminary Diagnoses of New Species of 
Laboulbeniaceae — VI" as Contributions from the Cryptogamic Lab- 
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oratory of Harvard University. — LXII, in vol. 41, no. 11, of Proceed- 
ings of the American Academy of Arts and Sciences, bsued in Jujy. 

Mangin and Viala give an account of Stearophora radicicola, a fun- 
gus parasite of the roots of Vitis, in the Revue de ViticuUure of July 6. 

Hoi way has begun the publication of a series of descriptions with 
photomicrographic illustrations of the North American Uredineae. 
The first fascicle, dealing with the Puccinias of Ranunculaceae, Ber- 
beridaceae, Papayeracese, Bromeliaceae, Comnielinace«, J^uncaceae, 
Liliaceae, Amaryllidacece, Iridacece, and Orchidace^e, was issued on 
the 15th of April. 

A paper by Peglian on the U.rophlyctis disease. of alfalfa is pub- 
lished in vol. 14, no. 12, of Attidella R. Accademia dei Lincei. 

An illustrated accoi|nt of the Ustilagineae of Connecticut, by Clinton, 
forms Bulletin no. 5 of the Geological and Natural History Survey of 
that State. 

An illustrated article on "Mushroopjs j^nd Tpadstopls" is published 
by Arthur in The Country Calendar for September. 

A well illustrated preliminary report on the Hymeniales. of. Con- 
necticut, by White, forms Bulletin no. 3 of the Geo.logical and NaturcU 
History Survey of the State. 

An illustrated account of new Citrus creations of the Department, 
by Webber and Swingle, is separately printed from the Yearbook of the 
United States Department of Agriculture for 1904. 

The maple-sugar industry, fonns the subject of Bulletin no. 59 of the 
Bureau of Forestry, United States Department of Agriculture, by Fox 
and Hubbard. 

A paper on red gum (Liquidambar), by Chittenden and Hatt, has 
recently appeared as Bulletin no. 58 o/ the Bureau of Forestry , United 
States Department of Agriculture. 

De Vries describes some of Burbank's methods in Popular Science 
Monthly for August. 

An account of Kola in Yoruba Land b given by Bemegau in Der 
Tropenpfianzer for July. 

Statistics concerning yerba mat^ (Ilex paraguayensis) are given in 
Daily Consular Report No. 2247, of May 2. 
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An account of rubber cultivation in Hawaii is. given by Smith in 
Press Bulletin no, IS of the Hawaii Agricultural Experiment Station^ 
dated July 20, 1905. 

An article on gutta percha, with photograms of Palaqiiium, is pub- 
lished by Murdoch in The Indian For^ter of June. 

An exhaustive account of the aboriginal use of wood in New York 
is given by Beaucha^p in Bulletin 89 {Archeology 11) of the New 
York State Museum. 

Preliminary accounts of the recent International Botanical Congress 
at Vienna are given by Rendle in The Journal bf' Botany for July 1 
and Britton in iSci^Ticc; of August 18. 

Under the title Wehtia, Count Martelli has recently issued a volume 
of botanical papers, by various writers, commemorative of the 50th 
anniversary of thc' death of Barker-Webb- • 

An appreciative sketch of l)elpino, by Ludwig,, is published in 
Naturwissenschaftliche Runclschau of August 10.. 

The JoomalB. — : Botanical Gazette, July : — Smith, " Undescribed 
Plants from Guatemala and other Central i^erican Republics — 
XXVII"; Snow, "The Development of Root Hairs'*; Frye and Blod- 
gett, "A Contribution to the Life History of Apocynum androswmi- 
folium*'^ Nelson, "Contributions ftom the Rocky Mountain Her- 
barium — VI"; B[ames], "The Vienna Congress"; and Florence 
Lyon, "Another Seed-rlike Character . of Selaginella," 

Botanical Gazette, August:— Moore, "Sporogenesis in Pallavi- 
cinia"; McCallum, "Regeneration in Plants — V^\ Dean, "On 
Proteolytic Enzymes — ^11"; Schneider, "Contributions to the 
Biology of Rhizobia — IV, Two Coast Rhizobia of .Vancouver Island, 
B. C"; Beal, "The Vitality of Seeds"; Rose and Painter, "Some 
Mexican Species of Cracca, Parosela, and Meibomia"; Greenman, 
"A New Krynitzkia." 

The Bryologisty September:— Chamberlain, "Maryland Bryo- 
phytes and Two Mosses from Virginia"; WilUams, "Notes on Luzon 
Mosses"; Holzinger, "Bryum fosteri"; Brittoin, "The Botanical 
Congress at Vienna"; Sargent, "Lichenology for Beginners — III"; 
Fink, "What to Note in the Macroscopic Study of Lichens — 11"; 
Gilbert, "The Advantage of Frequent Visits to Moss Localities." 
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Bulletin of the Torrey ^Botanical Club, July: — Latham, "Stimula- 
tion of Sterigmatocystb by Chloroform"; Murrill, "The Polypor- 
acese of North America — XI, a Synopsis of the Brown Pileate Species" ; 
House, "Further Notes on the Orchids of Central New York"; Piper, 
"The two Eastern Species of MeUca"; Gruber, "Crataegus in Berks 
Coimty, Pennsylvania — IIL" 

Bulletin of the Torrey Botanical Club, August: — Cannon, "On the 
Transpiration of Fouquieria splendens"; Martin, "Studies on the 
EflFect of some Concentrated Solutions on the Osmotic Activity of 
Plants"; Schneider, **Chroolepus aureus a Lichen"; Piper, **Poa 
gracillima Vasey and its Allies." 

A small quarterly of miscellaneous contents, has been started 
by T. J. Fitzpatrick of Iowa City under the title The lotua Natur- 
alist. 

Journal of Mycology, May: — Morgan, "A New Chfletosph«ria"; 
Lawrence, "Notes on the Erysiphacese of Washington"; Ellis and 
Bartholomew, "TWo New Haplosporellas"; Beardslee, "The Rosy- 
spored Agarics or Rhodosporse"; Kicker, "Notes on Fungi — II, 
with New Species from Various Localities"; Bates, "Rust Notes 
for 1904"; Thom, "Some Suggestions from the Study of Dairy 
Fimgi"; Kellerman, "Index to North American Mycology"; Keller- 
man, "Notes from Mycological Literature — XV." 

Journal of the New York Botanical Garden, August: — MacDougal, 
"The Suwarro, or Tree Cactus." 

Pittonia, part 28: — Greene, "Revision of Eschscholtzia"; "A 
New Papaveraceous Genus [Petromecon]"; "A Study of Dendro- 
mecon"; "Suggestions Regarding Sanguinaria." 

The Plant World, June: — Ramaley, "A Botanist's Trip to Java"; 
Spillman, "Cactus as a Forage Plant." 

The Plant World, July:— Reed, "A Brief History of Ecological 
Work in Botany " ; Blodgett, " Fasciation in Field Peas." 

Proceedings of the Iowa Academy of Sciences for 1904: — Shimek, 
"Botany in its Relation to Good Citizenship"; Fink, "Notes on 
American Cladonias"; Fink, "Some Notes on Certain Iowa Algse"; 
Macbride, "The Slime Moulds of New Mexico"; Gow, "An Eicologi- 
cal Study of the Sabine and Neches Valleys, Texas"; Fawcett, "Varia- 
tion in Ray Flowers of Anthemis cotula and other Composites"; 
Buchanan, "Notes on a Thermophilic Bacillus"; Pammel, "Notes 
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on the Flora, especially the Forest Flora, of the Bitter Root Moun- 
tains"; Seaver, "An Annotated List of Iowa Discomyeetes"; Rueda, 
"The Biology of the Bacillus molaceus laurentius or Psevdomcmas 
janthina*'; Anderson, "Plants New to the Flora of Decatur County, 
Iowa"; Lindly, "Flowering Plants of Henry County"; Watt, 
"Growth and Pigment Production of Pseudomonas janthina'* ; Peck, 
"The Flowering Plants of Hardin County." 

Proceedings of the Society for the Promotion of AgrieuUural Science, 
26:— Bailey, "What is Horticulture?"; Lazenly, "The Economic 
Uses of Wood"; Pammel, "Some Fimgus Diseases Common in 
Iowa During the Season of 1904"; Beal, "The Vitality of Seeds"; 
Arthur, "The Part taken by Teleutospores and iEcidia in the Dis- 
tribution of Maize and Cereal Rusts." 

Rhodara, August: — Shear, "Letter of Dr. Asa Gray to Lewis D. 
de Schweinitz"; Blanchard, "The Yellow-fruited Variety of the 
Black Raspberry"; Fernald, "The Genus Arnica in Northeastern 
America," "Spergula saiiva in Connecticut," "Some Lithological 
Variations of Ribes," and " Anaphalis margaritacea var. occidentalis 
in Eastern America"; Ballard, "A Second Vt. Station for Arenaria 
macrophylla,'* 

Torreya, July: — Schneider, "An Example of Complex Life-rela- 
tionship"; Christ, "Quelques mots sur I'article de Mr. Underwood 
*A much Named Fern'"; Greene, "Derivation of the Name Chamse- 
crista"; Harper, "Two Misinterpreted Species of Xyris." 

Torreya, August: — Coker, "Observations on the Flora of the 
Isle of Palms, Charleston, S. C"; Cockerell, "Names of Insects"; 
Hanmer, "A Note regarding the Dbcharge of Spores of Pleurotus 
ostreatus" 



GEOLOGY. 

Notes. — Water Supply and Irrigation Papers, 97, 98, 99, and 100, 
form the report of the branch of the Division of Hydrography dealing 
with stream measurements for the year 1903. These four reports 
represent over fifteen hundred pages of valuable data, collected from 
almost all the important streams of the United States. The results 
have been compiled by J. C. Hoyt, under the direction of F. H. Newell. 
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The relation between rainfall and run-oflf, under different climatic 
conditions, is very clearly brought out in many of the tables. 

The "Report of Progress of Stream Measurements for the Cal- 
endar Year 1904" forms Water Supply and Irrigation Papers 124- 
135 inclusive. The various portions of tbe country are treated in 
the separate bulletins, as follows :■ — 

124, Pt. 1, Atlantic Coast and New England Drainage. 

125, " 2, Hudson, Passaic, and Delaware River Drainages. 

126, " 3, Susquehanna, Patapsco, Potomac, James, Roanoke, 
Cape Fear, and Yadkin River Drainages. 

127, Pt. 4, Santee, Savannah, Ogeechee, and Altamana Rivers, 
and Eastern Gulf of Mexico Drainage. 

128, Pt. 5, Eastern Mississippi River Drainage. 

129, " 6, Great Lakes and St. Lawrence River Drainage. 

130, ** 7, Hudson Bay, Minnesota, Wapsipinicon, Iowa, Des 
Moines, and Missouri River Drainages. 

131, Pt. 8, Platte, Kansas, Meramee, Arkansas, and Red River 
Drainages. ^ 

132, Pt. 9, Western Gulf of Mexico and Rio Grande Drainages. 

133, " 10, Colorado River and the Great Basin Drainages. 

134, " 11, The Great Basin and Pacific Ocean Drainage in Cali- 
fornia. 

135, Pt. 12, Columbia River and Puget Sound Drainages. 

A new term applying to veins, namely "rift- veins," is proposed 
by J. A. Reid, in a paper entitled "The Structure and Genesis of 
the Comstock Lode'* (University of California, Bulletin of the Depart- 
ment of Geology, vol. 4, no. 10, pp. 177-199). The type of this kind 
of vein is the Comstock, where "the surface 'east vein,' the famous 
bonanza, and the *vein* now being worked have an identical origin. 
Their formation lies in the fact that the lower part of the hanging 
wall block has settled more than the upper, relative to the foot wall, 
and has been torn apart by the stresses developed." 

The Journal of Geology for July-August, 1905, contains the fol- 
lowing articles: "The Geographical Cycle in an Arid Climate," by 
W. M. Davis; "Notes on Baked Clays and Natural Slags in Eastern 
Wyoming," by E. S. Bastin; "The Delaware Limestone," by C. S. 
Prosser; ** Megacerops tyleri, a New Species of Titanothere from the 
Bad Lands of South Dakota," by R. S. Lull; "Comment on the 
'Report of the Special Committee on the Lake Superior Region,'" 
by A. C. Lane. 
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" The Lead, Zinc and Fluospar Deposits of Western Kentucky," by 
E. O. Ulrich and W. S. T. Smith, forms Professional Paper no. 36 of 
the United States Geological Survey. The general geology of the dis- 
trict is treated by Ulrich, while the detailed description of the different 
deposits is by Smith. Smith regards the fluorite as having been 
deposited from circulating underground waters, and having . been 
derived, probably, from the limestones of the region. On noticing 
the number of faults and dikes that have been mapped in this region, 
one questions why a deep-seated source of the fluorite is regarded 
untenable. 

The character of the triclinic feldspars at high temperatures has 
recently been investigated by Messrs. Day and Allen. The careful 
measurements of the melting points, points of crystallization, specific 
gravities, etc., all prove that in triclinic feldspars, isomorphism is 
complete. The slides prepared from the various feldspar mixtures 
were examined by J. P. Iddings, and he found that, optically, the 
feldspars correspond very closely to the mixtures prepared. The 
optical portion of the paper is illustrated by six remarkably clear 
plates. This report is entitled "The Isomorphism and Thermal 
Properties of the Feldspars," and is publbhed by the Carnegie Insti- 
tution of Washington, as Publication no. 31. 

An exhaustive description of the Bingham District of Utali has 
been prepared by Boutwell, Keith, and Emmons. This report, 
which is published as Professional Paper no. 38 of the United States 
Greological Survey, consists of four parts. The first part is a general 
presentation of the problem by Emmons. The second part is by 
Keith, and treats the areal geology of the region. The third, and 
by far the most important portion of the monograph, is by Boutwell. 
The successive stages of oxydation are well shown by the fact that 
in the surface zone free gold, some oxides, and carbonates were found; 
on descending, a zone of carbonates occurred, with a little sulphide; 
while, at a greater depth, the sulphides became more and more abun- 
dant until the carbonate and oxide ores have given place almost 
entirely to sulphides, of which the copper sulphide is most important, 
economically. The fourth portion of the report is an appendix describ- 
ing the fossils of the Bingham District, by Girty. 

Professional Paper no. 34 of the United States Geological Survey, 
"The Delavan Lobe of the Lake Michigan Glacier of the Wisconsin 
Stage of Glaciation and Associated Phenomena," by W. C. Alden, 
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is a detailed study of southern Wisconsin and northern lUinob. The 
report is fully illustrated by maps, representing the successive stages 
in the deglaciation of the district. 

Publication 101 of the Field Columbian Museum, entitled "The 
Rodeo Meteorite" by O. C. Farrington, is a description of a medium 
octahedrite with high phosphorus content, weighing about one hun- 
dred pounds. The mass was found in 1852, in the State of Durango, 
Mexico. 

A series of experiments which aim to give some quantitative values 
for the pressures exerted by growing crystals, has been performed 
by G. F. Becker and A. L. Day. In these experiments, it has been 
proved that crystals increase most rapidly on their under surfaces, 
and thus lift the earlier formed portions. So energetic is this action 
that d kilogram weight was raised several millimeters by an alum 
crystal whose bearing surface was only a smiall fraction of a square 
centimeter. The force, therefore, b believed to be of the same order 
of magnitude as the resbtance that crystals offer to crushing. The 
published account of these experiments appears in the Proceedings 
of the Washington Academy of Sciences, vol, 7, pp. 283-288. 

P. S. S. 

{No. 469 was issued January W, 1906) 
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NOTES ON REPTILES AND BATRACHUNS 

OF PENNSYLVANIA, NEW JERSEY 

AND DELAWARE 

WITMER STONE 

In view of the increasing interest in the study of our reptiles 
and batrachians it seems desirable to place on record any facts 
that may add to our knowledge of the distribution and relative 
abimdance of the various species. The writer therefore offers 
the following list which is based upon his personal observations 
in eastern Pennsylvania and southern New Jersey, and upon 
specimens contained in the splendid collection of the Academy 
of Natural Sciences of Philadelphia, which includes the collec- 
tions of Green, Hallowell, A. E. Brown, and Cope, together with 
local material collected by Samuel Ashmead, Samuel N. Rhoads, 
Henry W. Fowler, and the writer. 

No species are included unless specimens obtained in one of the 
three States have been examined, and unless otherwise stated the 
specimens are in the Academy collection. 

It follows that a few species which have been recorded from the 
district under consideration but of which no specimens were ac- 
cessible have been omitted, and as the notes are only intended as 
a contribution toward a complete list, no attempt has been made 
to quote records or observations at second hand. Further collec- 
tions will undoubtedly extend the range of many species. 

Hectums maculosus Rafinesque. — One specimen obtained in 
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Darby Creek near Essington, Delaware Co., Pa., by Jas. Gardiner, 
March 2, 1900, is the only example I have ever seen from this 
vicinity.* 

Oiyptobranchus alleghanien8i8(Daudin). — ^Mainly west of the 
Alleghanies. Specimens examined from the Beaver and Alle- 
ghany Rivers and also from the Susquehanna nearTucquan, Lan- 
caster Co., where it was occasionally taken by the late Jacob 
Stauflfer, of Lancaster, Pa. 

AmUsnitoma opacum(Gravenhorst). — I have never personally 
collected this species but have examined specimens from 

New Jersey, Atlantic City(W. J. Fox), Beesley's Point (Ash- 
mead), and Medford (J. S. Wills); 

Delaware, Newark (T. B. Wilson ). 

Amblystoma panctatum(Linn6). — Occasional but not an abun- 
dant species. 

Pennsylvania, Philadelphia (J. W. Tatum), Ardmore, Mont. 
Co. (I. N. De Haven), Clifton, Delaware Co.(B. Wainwright), 
York Furnace, York Co. (Stone ), Chambersburg (Rhoads ). 

Amblystoma conspersum Cope. — Cope's type specimen from 
Londongrove, Chester Co., Pa., is the only one I have seen from 
this district. 

Amblystoma bicolor (Hallo well). — I have seen only the type 
specimen from Beesley's Point, N. J. 

Amblystoma tigrinum (Green). — Specimens have been exam- 
ined from Beesley's Point, N. J. (S. Ashmead, G. H. Horn), and 
from Crosswicks, N. J. (J. H. Slack). I have never taken it in 
Pennsylvania. 

Amblystoma jeffersonianum (Green). — One specimen in the 
Academy collection was obtained by Dr. Hallowell " near Phila- 
delphia." I know of no other captures. 

Hemidactylium scutatum (Schlegel ). — Five specimens were ob- 
tained by S. N. Rhoads at Swartzwood Lake, Sussex Co., N. J., 
in October, 1895, and another from the same County a year later: 

Plethodon cinere us (Green). — An abundant species about Phil- 
adelphia ranging to the highest parts of the Pennsylvania Alle- 
ghanies, — Ganoga Lake, Sullivan Co. (S. Brown) — and to Swartz- 

^Cf. Fowler, Science, (n. s.), vol. 11, p. 555, 1900. 
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wcxxl Lake, northern New Jersey (Rhoads). I have also taken 
it in Delaware and have examined specimens from as far south as 
Seaford in that State. 

It has always been my experience that this and the following 
species are nowhere equally abundant; one or the other always 
predominates. 

Plethodon glutinosus (Green). — I have never taken this sal- 
amander about Philadelphia or in southern New Jersey, and it 
seems to be a characteristic species of the mountains or their foot- 
hills. 

I have examined specimens from the following localities: — 

Pennsylvania, Warren Co. (Dr. Kennedy), Venango Co. (Miss 
Brown), Huntingdon Co. (Dr. Leidy), Juniata Co., York Co., 
Sullivan Co., Pike Co. 

New Jersey, Swartzwood Lake, Sussex Co. (Rhoads). 

Osrrinophilus porphsrriticuB (Green). — This is also a mountain 
species, and has never so far as I am aware, been taken within 
the limits of the Carolinian fauna. I have examined the follow- 
ing specimens : — 

Pennsylvania, Warren Co. (Dr. Kennedy), Altoona, Blair Co. 
(Dr. Leidy), Round Island, Clinton Co. (Rhoads), and Tuscarora, 
Juniata Co. (C. IngersoU ). 

Spelerpes bilineatus (Green). — This is a rather common and 
widely distributed species. I have taken it at various points in 
Philadelphia, Chester, and Lancaster Co., Pa., as well as in south- 
ern New Jersey west of the pine barrens. I have also examined 
specimens from Atlantic City, N. J., and from Morris Co. (F. 
Canfield), Swartzwood Lake and White Pond (Rhoads) in the 
northern part of the State and from Dingman's Ferry, Pike Co., 
Pa. (Rhoads). 

Spelerpes longicauda (Green ). — This species is not so plentiful 
as the preceding and I have never taken it in the southeastern 
part of Pennsylvania nor in southern New Jersey although there is 
one in Cope's collection from Atlantic City, N. J. 

Farther west in Pennsylvania I have examined specimens from 
Lancaster Co., Huntingdon Co. (Cope), Cresson, Blair Co., and 
Round Island, Clinton Co. (Rhoads). In northern New Jersey 
Rhoads obtained it at White Pond, Warren Co. 
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Spelerpes ruber (Daudin). — A common species in spring heads. 
I have taken it in Philadelphia, Chester, and Lancaster Cos., and 
in Camden Co., N. J. It seems fairly well distributed and has 
been obtamed in the Alleghanies at Round Island, Clinton Co. 
(Rhoads), and in Blair Co. (Dr. McCook); also at Wilmington, 
Delaware. I fail to distinguish the variety monianus Cope. 

DesmognathuB ocroph»a Cope. — This seems to be a boreal 
species and I have only seen specimens from the higher Alle- 
ghanies, Harvey's Lake, Luzerne Co. (Stone), Lake Ganoga, 
Sullivan Co. (Rhoads), and Clinton Co., Pa. (S. Brown). 

Desmognathus fusca (Rafinesque). — Probably our most abun- 
dant salamander. Found throughout eastern Pennsylvania, 
northern and southwestern New Jersey, but apparently not in 
the streams of the pine barrens. In Delaware it occurs in the 
Brandywine drainage and probably elsewhere. 

Desmognathiui nigra (Green). — The only Pennsylvania speci- 
men that I have seen is one presented to the Academy by Dr. 
Holbrook without definite localitj'. 

Diemyctylus viridescens Rafinesque. — An abundant species in 
the lakes and ponds of the mountainous parts of Pennsylvania 
and New Jersey; the terrestrial form is common in the hemlock 
forests. 

I have taken it sparingly in York and Chester Cos., but not 
about Philadelphia nor in southern New Jersey, though Dr. Wilson 
obtained some near Newark, Delaware. 

Bofo lentiginosas americanus (Holbrook). — Everywhere abun- 
dant from the mountains to the coast, including the pine barrens. 

AcTis gryllus crepitans Baird. — I have found this species com- 
mon along the lower Delaware and Susquehanna valleys. H. W. 
Fowler has secured it at Cape May, N. J., and S. N. Rhoads ob- 
tained it in Sussex, Somerset, and Warren Cos., in the upper part 
of^the State. 

Ohorophilus triseriatas Wied. — Personally I have not observed 
this frog but Cope states that it is common in southwestern New 
Jersey and he also observed it in southern Chester Co., Pa. 
Rhoads obtained specimens at Pine Grove, Cumberland Co., Pa. 

Hyla yersicolor Le Conte. — This is the most frequent tree frog 
during the summer, for the others are seldom seen except when 
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gathered in the ponds, in springtime. It is quite generally dis- 
tributed south of the mountains, the most northern specimen that 
I have examined being from Morristown, N. J. (M. Fisher). 

Hyla pickeringii Holbrook. — A common species in shaded pools 
in early spring. I have examined specimens from the Delaware 
valley, Chester Co., Pa., and also from Altoona, Blair Co., Pa. 
(Dr. Leidy), and Pine Grove, Cumberland Co. (Rhoads). Dr. 
Wilson obtained it in Delaware. 

Hyla andersonii Baird. — All the specimens so far secured ex- 
cept the type have come from the pine barren region of New 
Jersey. Dr. Leidy's specimen from Jackson and one obtained 
by Mr. H. L. Viereck^ at Clemen ton are in the Academy's collec- 
tion. The others were two secured at Pleasant Mills by Dr. J. P. 
Moore and one from May's Landing, (J. E. Peters). 

Rana pipiens Schreber. — Abundant all along the coast marshes 
and large rivers. I have examined specimens also from White 
Pond, N. J., and Waynesburg, Green Co., Pa. (Rhoads), and 
from several cedar swamps in the New Jersey pine barrens. In 
the latter region R. palusfris does not seem to occur. 

Rana palastris Le Conte. — Common throughout Pennsylvania 
and in northern and southwestern New Jersey. It ranges to the 
top of the Alleghanies as I have seen it in Sullivan and Wyoming 
Cos., and Rhoads took it at Round Island, Clinton Co., Pa. 

Rana sylvatica Le Conte. — Distributed throughout Penn- 
sylvania and New Jersey. I have found it on the highest ranges 
of the Alleghanies and on the edge of the pine barrens at Med- 
ford, N. J., while Rhoads secured a specimen at May's Landing, 
in the same State. 

Rana clamitans Latreille. — Abundant and widely distributed, 
occurring both in the mountains and in the pine barrens of New 
Jersey where it is the most abundant frog. 

Rana catesbiana Shaw. — Apparently widely distributed but 
much scarcer than formerly. I have taken it on the lower Dela- 
ware and Susquehanna and their tributaries and have seen speci- 
mens from Absecon, N. J. (S. Ashmead), and Harvey's Lake, Pa. 

* Stone, Proc. Acad. Nat. Set. Phila., 1901. Since this paper was prepared, 
W. T. Davis has discovered this species and Rana virgatipes at Lakehurst 
in the New Jersey pine barrens (Amer. Nat., vol. 38, p. 893 ; vol. 39, p. 
795). 
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Rana virgatipes Cope. — All of the specimens of this interesting 
frog that have been captured, are, so far as I am aware, in the 
Academy's collection and have been fully reported upon by H. 
W. Fowler.^ They are all from the New Jersey pine barrens; 
the one obtained by the writer was from Speedwell, Burlington 
Co. 

Oarphophiops amoenus (Say). — Obtained in Chester and York 
Cos., Pa., and Pt. Pleasant, Beesley's Point (Ashmead), Trenton 
(Abbott), and Bridgeton (Walmsley ), N. J. 

Virginia Valeria Baird & Giraud. — One specimen is in the 
Academy collection from Delaware received from C. Drexler. 

Storeria ocdpitomaculata (Storer ). — A common snake through- 
out the mountains south of the Pocono plateau and east of the 
Alleghanies. I have only seen one example which I captured in 
the New Jersey pine barrens on the edge of Bear Swamp, east of 
Medford. This record is interesting as in the same vicinity we 
find Evotomys, a northern rodent, common in the mountains, but 
absent in the intervening territory. 

Storeria dekayi (Holbrook). — A rather common snake in 
southeastern Pennsylvania; also obtained at May's Landing, 
N. J., and doubtless of wider distribution in both States. 

Olonophis kirtlandi (Kennicott). — Two examples from the 
region under consideration are in the Academy collection; one 
obtained near Trenton, N. J., by Dr. C. C. Abbott, the other in 
Delaware Co., Pa., by E. Dutton. 

Tropidocloniam lineatam Hallowell. — A snake was obtained 
at Round Island, Clinton Co., Pa., by Seth Nelson collecting for 
Mr. S. N. Rhoads, which he identified as this species. I exam- 
ined it at the time and I have no doubt as to the correctness of 
the identification. Unfortunately the specimen cannot now be 
found. 

Thamnophifl sauritus (Linn^ ). — This is a rather common snake 
throughout the lowlands and probably the mountains also. I 
have seen specimens from the Pocono plateau, Pa., and Swartz- 
wood Lake, N. J., but not as yet from the main Alleghany range. 

Thamnophifl sirtalifl (Linn6). — The Garter Snake is distributed 

'Proc. Acad. Nat. Sci. Phila., p. 662, 1905. 
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all over the region under consideration and presents several more 
or less distinct types of coloration. So far as the material avail- 
able for examination is concerned it would seem that the dark 
fonn with the stripes neariy obliterated, T, s. ordinaius, is re- 
stricted to the higher Alleghanies as the only specimens are from 
Sullivan and Wyoming Cos. (Stone) and Port Alleghany, McKean 
Co. (Fowler). All the specimens that I have seen from south 
of the mountains are true sirtalis with well defined stripes and 
usually conspicuous spots. Those obtained by Rhoads at Round 
Island, Clinton Co., Pike Co., Pa., and Sussex Co., N. J., are 
somewhat intermediate. That these two forms are not absolutely 
coincident with the Canadian and Carolinian-Alleghanian belts 
as indicated, is shown by the fact that a fairly typical sirtalis was 
obtained on the high Alleghanies of Sullivan Co., Pa. A nearly 
uniform green specimen, ** T. s, gramineus " Cope, was also ob- 
tained at the latter locality. This I take to be a mere color form 
of ordinattts, 

Thamnophifl butleri Cope. — While for some years Thamnophis 
brachystomus Cope has been regarded as a mere abnormal example 
of T. sirtalis, the recent discovery of a number of specimens in 
Michigan* seems to establish its distinctness. The type is from 
Franklin, Venango Co., Pa. (Miss A. M. Brown) and I am now 
able to record an additional Pennsylvanian specimen obtained 
at Port Alleghany, McKean Co., Aug. 19, 1904, by H. W. Fowler. 
This individual has the plates as follows: upper labials, 6-6; 
lower labials, 6-7; postoculars, 2-2; gastrosteges, 136; uro- 
steges, 47; length, 377 mm. It presents the principal additional 
characteristics of the species in a marked degree, i. e,, the rapid 
tapering toward both head and tail, and the very slight constric- 
tion at the neck. The lateral stripe is mainly on the third row of 
scales involving part of the second and at some points part of the 
fourth row. 

After the above was written Alex. G. Ruthven examined the 
two specimens and pronounces them in his opinion identical with 
T, bvUeri a conclusion which he had already reached in connection 
with Dr. Clark's specimens.' 

»H. L. Clark. Proc. Biol. Soc, Wash., vol. 16, pp. 83-88, 1903. 
^Biol BtUl., vol. 7, no. 5, Nov., 1904. 
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Regina leberis (Linn6). — This does not appear to be a common 
species and I have never seen it alive. Two specimens marked 
" Pennsylvania " (J. L. Wortman ) are in the Academy collection 
as well as specimens from Philadelphia (J. E. Ives), Waynesburg, 
Green Co., Pa. (Rhoads), and Newark, Del. (Dr. T. B. Wilson). 

Hatriz sipedon (Linn6 ). — Common in suitable localities through- 
out the region. 

OalopeltU obsoletus (Say). — I have only taken this snake in 
Chester Co., Pa., but have examined several from southern New 
Jersey, one of which was obtained on the coast at Stone Harbor, 
by D. McCadden. 

Oalopeltis obsoletus confinis Baird & Giraud. — One young 
specimen secured many years ago at Dennis ville, Cape May Co., 
N. J., by Samuel Ashmead is in the Academy collection, and an- 
other was secured at Diamond Valley, Huntingdon Co., Pa., Sep- 
tember, 1905, by J. A. G. Rehn. While currently referred to this 
form it seems probable that these are nothing more than young 
obsoletiis which at this age may be highly colored, but so far as I 
know there is no description of the young of this species. The 
specimens before me are gray with brown spots. 

Opheodryas »stivus (Linn6). — I have taken this in the south- 
em part of New Jersey only, and have seen no specimens from 
elsewhere in the district under consideration. It is locally rather 
plentiful. 

Liopeltis vernalis (DeKay). — A common species throughout 
the Pennsylvania mountains, McKean Co. (Fowler), Sullivan and 
Wyoming Cos. (Stone), Clinton Co. (Rhoads), Monroe Co. (C. 
T. Sands). The only New Jersey example that I have seen was 
taken atTrenton, N. J., by Dr. C. C. Abbott. 

Bascanion constrictor (Linn6). — Common in the low grounds 
and at least onto the first ridges of the mountains and though I 
have not as yet seen a specimen from the main Alleghany range, 
it no doubt occurs there. 

Pituophis melanoleacus (Daudin ).— The commonest large snake 
in the New Jersey pine barrens but I have not seen specimens 
from farther north in the State nor from Pennsylvania. 

Diadophis punctatus (Linn6). — Sparingly about Philadelphia 
but more plentiful nearer to the mountains, over which it ranges. 
Specimens examined from 
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Pennsylvania, Bucks Co. (W. A. Shryock), Cumberland Co. 
(Rhoads), Lancaster Co. (Stone), Monroe Co. (Rhoads), Har- 
vey's Lake, Luzerne Co. (Stone ) ; 

New Jersey, MonisCo, (Dr. Fisher). 

LampropeltiB getulus (Linn6). — A rather common species in 
southern New Jersey, the most northern record being Pt. Pleasant, 
Ocean Co. (S. Brown ). All the specimens I have examined came 
from the eastern and western edge of the pine barrens rather than 
from the heart of the region though this may have been accidental. 
Rhoads obtained this snake at Seaford, Del., but I have never 
seen a specimen from Pennsylvania. 

Lampropeltis doliatus (Linn^). — One typical specimen from 
Delaware (J. Green ) is in the Academy collection and another 
not quite typical from the same State obtained by Drexler. 

Throughout the greater part of eastern Pennsylvania and New 
Jersey is found L. d. clerictts and it is everywhere a common snake 
unless it be in the New Jersey pine barrens from which district I 
have seen no specimens. Another race, L. d, triangvlus (Boie), 
seems to be the form of the higher mountains and is represented 
in the Academy collection by a specimen from McKean Co., Pa. 
(Fowler ) and one marked near Philadelphia. More material will 
be necessary in order to ascertain whether these two forms are 
constant and confined to the districts assigned to them. Certain 
it is that examples from twenty localities south of the mountains 
are all clericus, the Philadelphia specimen above mentioned being 
the only exception. 

Heterodon platyrhinos Latreille. — Common, ranging from the 
Alleghanies across to the coast. 

Agkistrodon contortriz (Linn6). — Becoming scarce in thickly 
settled districts. I have seen it in York and Fulton Cos., Pa., 
and have examined specimens from Carbon Co. (Rehn ), Lehigh 
Co. (Rehn), Pottsville (C. T. Hughes), Round Island, Clinton 
Co. (Rhoads), Pa. I have seen no specimens from New Jersey. 

Orotalus horridus (Linn6). — I have found this species within 
the past few years on the foothills of the main Alleghany Moun- 
tains near Lovelton, Wyoming Co., and on Tuscarora Mt., Fulton 
Co., Pa., while Rehn collected several in Huntingdon Co. and 
Rhoads obtained specimens at Round Island, Clinton Co., and 
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in Pike Co., Pa., and I have examined additional specimens from 
Chambersburg (Mrs. P. P. Calvert) and Warren Co., Pa. (Dr. 
Slack ). In the southeastern parts of the State it is exterminated. 
In southern New Jersey it is very rare and I know of no authentic 
recent records though there is a specimen in the Academy collec- 
tion collected many years ago at Pemberton, N. J. (Dr. Coleman ). 

Eumeces fastiatus (Linn6). — I have taken this lizard at York 
Furnace, York Co., Pa., and J. A. G. Rehn obtained it on the 
mountains of Huntingdon Co., Pa., where one would rather expect 
E, anthraciniLSy a species which I know from the State only on the 
strength of Baird's Carlisle record. In New Jersey it occurs at 
May's Landing, Jones Mill, and doubtless other spots in the pine 
barrens. In Delaware I have found it about Choptank Mills. 
One in the Wagner Institute collection, captured in Fairmount 
Park, Philadelphia, a few years ago, may have escaped from con- 
finement like the specimens of Phrynosoma and Alligator which 
are occasionally found within the city limits. 

Leiolepisma laterale (Say). — On September 2, 1901, J. A. G. 
Rehn and I caught one of these little lizards and saw another a 
mile or so east of Atsion, Burlington Co., N. J., in the heart of the 
pine barrens. Dr. J. P. Moore had previously taken it at Pleasant 
Mills some ten miles farther south. 

SceloponiB undulatas (Daudin). — Abundant all over the pine 
barrens of New Jersey, but I have not seen it from north of this 
region. In Pennsylvania it is rare, though formerly more com- 
mon. I have only taken it along the lower Susquehanna valley, 
in York and Lancaster Cos., though Rhoads obtained it at Round 
Island, Clinton Co., and I have examined a specimen collected in 
Chester Co. by Cope. 

Dermochelys coriacea (Vandelli). — One was washed ashore at 
Asbury Park, N. J., some years ago, and another from Delaware 
Bay is in Cope's collection. 

Aspidonectes spinifer (Le Suer). — A few of these turtles have 
of late years found their way into the Delaware valley. One was 
captured in Cooper's Creek, N. J., in 1902, and another in Warren 
Co., N. J., now in the Wagner Institute collection, Philadelphia. 
I have also examined specimens from the Alleghany River in 
western Pennsylvania. 
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Ohelydra serpentina (Linn€). — Widely distributed throughout 
the region. 

Kinosternon pennsylvanicum (Bose. ). — I have so far found this 
species only in southeastern Pennsylvania and southern New 
Jersey, ranging as far north as Sea Girt (Rhoads). 

Aromochelys odoratus (Latreille). — Apparently more abun- 
dant than the preceding and of wider range. I have seen it from 
the same general region as the above and also from Swartzwood 
Lake, Sussex Co., N. J. (Rhoads ). 

Oraptemys geographicus (Le Suer). — I found a carapace and 
plastron of this turtle on the marsh at Bayside, N. J., in the spring 
of 1903. 

Malaclemmys centrata (Latreille). — I have examined speci- 
mens from Cape May, N. J. (Dr. Ruschenberger ) and the coast 
of Delaware but have only one recent record, a specimen in the 
Wagner Institute collection in Philadelphia, captured in Dias 
Creek, Cape May Co., N. J., a few years ago. It has become 
rare within the district under consideration. 

Pseudemys mbriventris (LeConte). — I have seen this turtle in 
ponds and slow streams at several points in southern New Jersey, 
especially at Medford and Milford and have examined specimens 
obtained at Woodbury and Rehoboth Beach, Delaware (T. R. 
Peale). One in the Academy collection is marked ** Delaware 
River, Philadelphia." 

Ohrysemys plcta (Hermann). — This species is abundant in 
most large streams and ponds throughout the district though I 
have no data upon its occurrence on the Alleghanies. 

Olemmys muhlenbergi (Schweigger). — I have seen probably a 
dozen specimens of this turtle in W. Bradford township, Chester 
Co., Pa., and several inTinicum, Delaware Co. In New Jersey 
I secured one at Medford, May 30, 1905, and found another near 
Audubon, Camden Co., in December. The only other specimens 
that I have examined were labeled ** near Philadelphia." 

Olemmys insculptas (I^ Conte ). — Apparently wide ranging but 
not very common. I have taken it in Chester and Fulton Cos., 
Pa., and have examined the following additional specimens: 
Bristol, Pa. (Fowler), Round Island, Clinton Co., Pa. (Rhoads), 
Delaware Gap, Warren Co., N. J. (Rhoads), and Woodbury, N. 
J. I have no record for the pine barrens. 
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Olemmys guttatus (Schneider). — All over southeastern Penn- 
sylvania and southern New Jersey, including the pine barrens but 
as to its occurrence in the higher mountains I am in doubt. 

Terrapene Carolina (Linn6). — Common throughout southeast- 
em Pennsylvania especially in Chester Co., and also in the south- 
western part of the State, Waynesburg, Green Co. (Rhoads). 
For New Jersey my data are meager but I have no record for the 
pine barrens. The species seems to be restricted to the Caro- 
linian fauna. Two specimens of T. triungius Agassiz are in the 
Academy collection labeled " Cistvdo clausa, near Philadelphia, 
S. G. Worth." The labels must surely have been transposed as 
this is quite beyond the range of the species. 
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ANATOMY OF ACMJEA TESTUDINALIS MULLER 

PART I. INTRODUCTORY MATERIAL— EXTERNAL 
ANATOMY 

U A. WILLCOX 

Introduction 

Some months ago I published in this journal under the title 
"Biology of Acmcea testudinalis Mliller" an excerpt from a mono- 
graph of this species upon which I have long been engaged. 
I have now decided to publish the entire monograph in sections 
of which the present b the first. It should naturally be introduced 
by remarks upon the scope of the work but as these were prefixed 
to the earlier article, I refer the reader to that, adding merely that 
the investigation is intended not only as a contribution to a knowl- 
edge of the New England fauna but also as a first step in such a 
careful comparative study of the different species of the genus as is 
there suggested. This being its aim, it occupies itself in the main 
with anatomy, touching only incidentally upon either histology or 
embryology. I have, moreover, tried to make a paper which would 
serve as an introduction to the study of the neglected but fascinat- 
ing group of Gastropoda. This aim will, I trust, serve as excuse 
for the admission of some material too elementary to be included 
in a paper addressed exclusively to specialists. 

Zoological Position of AcMiEA and its Allies 

Acmsea belongs to the Scutibranchiata (Aspidobranchia, Dioto- 
cardia of Bouvier et cU.), sl suborder which includes all the more 
primitive Prosobranchiata and which is diraible into two sections: 
the Rhipidoglossa (Diotocardia of Remy Perrier) and the Doco- 
glossa (Heterocardia). The only characteristics by which mem- 
bers of these two sections may infallibly be distinguished are 
first, the nature of the radula and second, the presence of dialy- 
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neuiy in the nervous system of the Rhipidoglossa and its absence 
in the Docoglossa. Dialyneury, it will be remembered, is the 
name applied to that form of nervous system in which the mantle 
is innervated in part from the pleural and in part from the visceral 
ganglia and in which these two systems of nerves are connected 
by anastomosis. It may be added that the ventricle in Rhipi- 
doglossa is usually traversed by the rectum although the Heli- 
cinidae, which have but one auricle, are an exception to this rule. 

The Rhipidoglossa fall into two subsections: the Zygobranchia, 
characterized by the possession of two gills and two auricles, which 
are usually symmetrically disposed, although one gill may be 
smaller than the other; and the Azygobranchia with but one gill 
and ordinarily with two auricles, one of which is more or less 
rudimentary or even absent altogether. The Docoglossa have a 
single gill (ctenidium) or none at all, a single auricle with no trace 
of a second,* and a heart whose ventricle is never traversed by the 
rectum. It is thus evident that the three divisions of Scutibran- 
chiata form in many respects a continuous anatomical series 
whose members, whatever the view as to their phylogenetic rela- 
tionship, may often be profitably compared. 

The Docoglossa^ include three families: the Lepetidce, Acmaei- 
dae, and Patellidce. The I^petidae is a small family whose mem- 
bers inhabit water of considerable depth. Of its fourteen species 
and varieties only one is recorded as living at low-water mark; 
the others have l^een dredged at depths varying from ten fathoms 
(five fathoms in one instance) to thirteen hundred ninety-five 
fathoms. While in certain respects, as in the shell and radula, 
they exhibit relationship to the Rhipidoglossa, in others they are 
modified in correlation with their environment so that they appear 
to be, as maintained by Dall, less typical Docoglossa than are the 
others. The family contains three genera: Lepeta, (including 
Pilidium), Propilidium, Lepetella. 

The two remaining families are much larger and are typically 



* Spillmann (:05, pp. 669-571) considers that he has found tiraces of a 
second auricle. 

*In the classification of the Docoglossa I follow Pilsbry (Tryon and Pilsbry, 
'91). 
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literal animals. The first one, the Acmseidse, comprises those 
limpets which retain the primitive gill (ctenidium) with or with- 
out a cordon of branchial leaflets; the second, the Patellidse, 
comprises those which lack a ctenidium but have a branchial 
cordon. The Acmaeidse contains three genera: Pectinodonta, 
with one species, a deep-sea form found off some of the West 
Indian islands; Acmcea, with eighty-four species, of almost world- 
wide distribution; Scurria (including the subgenus Lottia), whose 
five species are found only on the West American coasts, as far 
north as San Francisco. The Patellidse contains also three gen- 
era: Patella (including the subgenus Helcion and the sections 
Patina, Scutellastra, Ancistromesus, all often regarded as genera), 
with forty-eight species which with one exception (P. mexicana) 
are entirely restricted to the Old World; Nacella, whose seven 
species are found only in the region about the southern part of 
South America; Helcioniscus, with forty-eight species in various 
portions of the Indian and Pacific Oceans but not extending on 
the American coast farther north than Chili. 



History of Investigation 

The name Patella (Acnupa) testudirudis first appears in 1776 
in Miiller's Prodromus but more than fifty years went by before 
any record was made of so obvious a feature in its anatomy as the 
possession of a ctenidium. It was the observation of this fact 
which led Eschscholtz to establish in 1830 the new genus Acmeea. 
As is well known, his early death left uncompleted the Zoologischer 
Atlas which was to have embodied the results accumulated during 
the years of his circumnavigating voyages. Such material as was 
in condition to be used by another was completed by his friend 
Rathke and published in 1833 as a fifth part of the Atlas, It con- 
tained an anatomical account, covering two folio pages, of the 
.new genus Acmeea followed by brief descriptions, dealing with 
only the shells, of eleven species collected by Eschscholtz in the 
neighborhood of Sitka. 

This first anatomical study is purely description and is of merely 
historic interest. The points touched upon are only the more 



Digitized by 



Google 



174 THE AMERICAN NATURALIST [Vol. XL 

obvious ones; the account contains some unquestionable errors 
and some statements which if correct, do not apply to all members 
of the genus. 

A step in advance was marked by Dall's successive papers on 
the limpets of which the first appeared in 1869. These papers 
deal mainly with the Acmaeidse and although preeminently sys- 
tematic, contain occasionally anatomical facts of interest and 
importance. 

The first considerable contributions to the morphology of 
Acmsea are contained, however, in two papers on the compara- 
tive anatomy of certain organs of Prosobranchs which issued 
from the laboratory of Professor E. Perrier about fifteen years ago. 
The first of these papers, (Bouvier, '87) dealt with the nervous 
system; the second, (Bernard, '90) with the pallial organs. Bou- 
vier ('87, pp. 15-22) gives a full and careful description of the 
nervous system of Patella and in a single paragraph compares 
therewith the very similar one of A, testvdinalis, Bernard de- 
scribes in detail the osphradium and the innervation of the gill 
in a species of Tectura (Acmsea) and in the same connection fig^ 
ures and describes the arrangement of the principal ganglia in 
what he calls T. fontainesi. It should be noted that this latter 
species is without doubt, as I have shown elsewhere, (Willcox, 00) 
incorrectly named and that the identification of the other, so far 
as concerns the species, is questionable. The so called Tectura 
forUainen, having circumpallial branchial lamellae (Bernard, '90, 
p. 217) is of course not a true Tectura (Acmeea) but may veiy 
probably be a Scurria. T. pUeopsis, Bernard's other species, is 
stated by him ('90, p. 217) to have come from Chili but that spe- 
cies is recorded by Pilsbry (Tryon and Pilsbry, '91, p. 57) as be- 
longing to the New Zealand, Indo-Pacific, and Australian region. 

The first work in which Acmsea was treated monographically 
was Haller's Stvdien uber docoglosse and rhipidoglosse Proso- 
branchier, which appeared in 1894. This deals with one species 
of Scurria and three of Acma?a and as it treats all the important 
organs of the body except the shell, it would at first sight seem to 
render superfluous further work upon the small family of Ac- 
mseidae. Various statements made by Haller have, however, 
been the object of vigorous criticism and in other particulars which 
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have not yet come under public discussion I have found myself 
unable to adopt hb views or to confirm his observations. It is 
unfortunate that of Haller's four species three are incorrectly 
named (c/. Willcox, :00). One, Scviellina gakUhea, is in all 
probability an Acmaea but its specific name can only be surmised; 
for his two other Acmseas he employs the name Lottia, a synonym 
which was not only discarded by its author some sixty years ago 
but which has been since 1865 in use for another genus or sub- 
genus, so that the Lottia of Haller is an entirely different animal 
from the Lottia of Carpenter and modem authors in general. 

In 1898, appeared a brief monographic account by myself of 
A, jragilis. This paper dealing as it did entirely with preserved 
material which was studied almost exclusively by means of sections, 
left room for such completion and enlargement as is presented in 
the present work. In 1904, appeared an excellent paper on the 
anatomy of Lottia giganiea by W. R. Fisher to which I shall fre- 
quently have occasion to refer. The latest contribution is an arti- 
cle by Spillman in which (:05, pp. 553-564, 568-572) the heart 
and vessels of Acmsea are described. 

Other papers which in the last decade have discussed the Ac- 
mseidae have been occupied mainly with criticism of some of Hal- 
ler's statements and with the presentation of counter observations. 
The chief matters in dispute have been the existence of a coelom 
as distinct from the pericardial, nephridial, and gonadial cavities, 
the extent of the nephridium, the presence of a subradular organ. 
The chief disputants have been Haller, Pelseneer, Thiele, Willcox. 



Methods 

The first problem which faces any student of the MoUusca 
relates to narcotization. This is a much less important question 
among the limpets than in most other groups since the form of 
the body is such that no great amount of distortion can be effected 
even by the most powerful contraction. Proper extension of 
mantle and tentacles are the main results to be attained. For 
these purposes I have employed various methods — Epsom salts, 
cocaine, chloretone, stale sea water, fresh water. No one of these 



Digitized by 



Google 



176 THE AMERICAN NATURALIST [Vol. XL 

methods was altogether successful. The cocaine — a 2% solu- 
tion in 50% alcohol added drop by drop — produced extension of 
gill and cephalic tentacles. In specimens killed after this treat- 
ment, the subradular organ was likely to be extruded. Chlore- 
tone — crystals gradually added to sea water — produced at first 
a general extension but a larger dose brought about contraction. 
This agent is especially useful for narcotizing parts — as gills or 
tentacles — which it is desired to study while still alive. Exten- 
sion of mantle tentacles b best obtained by killing in Gilson's 
fluid, extension of the mantle in general by this method or by 
allowing the animal to die in stale sea water, or, as recommended 
by Fisher, in fresh water. 

The most satisfactory killing agents I have found to be picro- 
sulphuric acid, chrom-alcohol (equal parts of 70% alcohol and 
yV % chromic acid), and corrosive sublimate with 5 to 20% of acetic 
acid. A weak — 5% — aqueous solution of sublimate preserves 
the external cilia better than a stronger one; this solution also I 
have employed with success for material in which it was desired 
to demonstrate mucus. The various osmic acid solutions — vom 
Rath's, Hermann's, Flemming's — have no marked superiority 
except for demonstrating certain glands as noted in the section on 
the integument. Picro-sulphuric acid has the advantage when 
used for very small specimens, of decalcifying the shell while leav- 
ing it in situ; in specimens killed in corrosive acetic the shell 
parts from the animal, in consequence I suppose of the pressure 
due to the more rapid evolution of gas brought about by the 
larger proportional amount of acid. An acid killing agent, as 
Bernard has pointed out, is desirable because it at once coagulates 
the mucus and thus renders the goblet cells more conspicuous. 

For purposes of dissection it is desirable to have some specimens 
killed in formalin. The comparative transparency produced by 
this agent as well as its slight swelling action are often of advan- 
tage; it has the further good quality that it preserves at least for 
some time the color of the nephridiaJ epithelium. A 2% solution 
is most satisfactory and it is of course desirable that the solution if 
acid should be neutralized. Opaque specimens for dissection are 
best killed in Gilson's fluid. It is perhaps unnecessary to add 
that details can often be made out better in specimens in which 
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the pressure on the viscera entailed by the contraction of the foot 
has been done away with either by removal of this organ or by 
slitting it lengthwise and thus opening the visceral cavity. 

Sections were prepared by imbedding in paraffin, were stained 
usually with hsemalum and eosin or with Ranvier's picrocarmine 
and methylen blue, and were mounted in xylol balsam. • For dem- 
onstration of mucus Mayer's mucicarmine was employed on sec- 
tions of material killed in 5% sublimate solution. Endothelium 
was demonstrated by bathing the fresh membrane for half an hour 
in a mixture composed of four parts saturated aqueous solution of 
methylen blue and 96 parts ^^ % salt solution, then leaving it for 
some hours in a saturated solution of ammonium picrate. Speci- 
mens thus prepared were mounted in glycerine saturated with 
ammonium picrate and have kept well for some years. 

For macerations, good results have been obtained with Haller's 
fluid (c/. Lee's Vademecum, 4th ed., p. 318) and Bernard's fluid 
(Bernard, '90, p. 101). 

Total preparations showing the innervation of thin structures 
like the mantle or the gill were most successful when stained with 
methylen blue and mounted in glycerine surcharged with ammo- 
nium picrate. Such preparations are fairly permanent. 

Habits 

Here should be intercalated the article on the biology of Acmaea 
already mentioned. To the facts there stated I have only to add 
that I have occasionally found in the nuchal cavities of specimens 
collected at Eastport tiny shells, measuring about one mm. in 
diameter which have been identified for me by Mr. Charles W. 
Johnson of Boston as in all probability the young of Lacuna neri- 
toidea Gould. Whether these are commensals or merely accidental 
visitants I am not prepared to say. 

The literature dealing with this section is incorporated in the 
list at the close of the present article. The statement by Dall 
that fertilization is internal was published not in 1879 but in 1882. 
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General Description 

Acmwa tesivdinalis, like the limpets in general, has a somewhat 
dish-shaped shell, (Figs. 1 and 2), roughly conical in section and 
with a mouth (corresponding to the base of the cone) which is 
broadly oval though with the anterior part a trifle narrower than 
the posterior. The apex of the shell lies not over its center but 
about one third of the distance from the anterior end. It may be 







Fig. 1. 



Fio. 2. 



Fig. I. — Acmcta teetndinalis. Ventral view, x IJ. Whole animal with the excep- 
tion of the mantle, strongly contracted, c, otenidium; f., foot: i., lip sur- 
rounding the circular mouth which is dilated to show the inner lips between 
which appears the dark radula; m., mantle; t., tentacle. Camera. 

Fig. 2. — Acmcea testudinalis. Side view, x U. Camera. 

worthy of mention that the true, or docoglossate limpets and the 
keyhole limpets (Fissurellidee) differ in this respect from all the 
other widely dissimilar genera to which this form of shell is common 
and in which the apex, though vanning in position in different 
forms, is never anterior. The condition in Acmaea is a secondary 
one for Boutan ('98, p. 1869) finds that in A. virginea the apex is 
at first posterior and only in course of development assumes the 
adult position. 

In color the shell is usually yellowish gray marked with radiat- 
ing stripes or tesselations of dark brown. The extent and the tint 
of the markings vary greatly and they are sometimes almost or 
quite absent. The hypostracum, or inner layer of the shell, stops 
a little short of its edge so that on the internal aspect the markings 
appear as a na;*row border. This I understand to be the **more or 
less distinct internal border of the aperture," mentioned by Tiyon 
and Pilsbry (*91, p. 5) as a character by which the Acmeeidae are 
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usually distinguishefl from the Patellidse. While the family to 
which a limpet belongs may often be thus recognized, the genera 
at least of the Acmaeidae, cannot according to Pilsbry, be deter- 
mined by a study of the shells alone. 

In the living animal the mouth of the shell is almost entirely 
filled up by the foot, a broad fleshy expansion of the ventral body 
surface which apparently serves as a sucking disc* to hold the ani- 
mal to the rocks on which it lives. The organ is composed chiefly 
of muscle fibers most of which run from the shell ventral ward, 
spreading both laterally and toward the median line. A few fibers, 
however, are parallel with the sole and run either lengthwise or 
transversely. The fibers are imbedded in connective tissue and 
are entirely wanting near the margin of the foot, which is com- 
posed mainly of connective tissue excavated by large blood sinuses 
and is therefore extremely flexible. Certain marginal unicellular 
glands, whose secretion may aid the foot in clinging, are described, 
together with the epithelium in general, under the topic Integu- 
ment. Just in front of the foot appears a ventral prolongation of 
the head, the muzzle; it bears on its tip the small circular mouth 
surrounded by the simple frill-like lip, which is characteristic of 
the subgenus Collisella. In a specimen which has been narcotized 
with chloretone J;he mouth is usually dilated enough to show the 
yellowish brown inner lips (Fig. 1) and in a fresh one its continual 
opening and closing permits a good view of the radula, which has 
a constant licking motion. It has been suggested by Davis and 
Fleure (:03, p. 49) that this movement serves to keep in motion 
the blood in the circumodontophoral sinus and thus reinforces 
the feeble ventricular muscles. 

At the sides of the muzzle appear a pair of long and very con- 
tractile tentacles; they are borne on the posterior part of the head 
and each carries on the outer side of its base a simple optic pit 
which in the living animal or in a formalin specimen appears as a 
spot of black pigment. 

In front of the head or at the right of the foot the ctenidium, or 
gill may usually be seen. When fully extended this organ is nearly 

' This almost universally accepted view has been controverted by Davis 
('95 ; Davis and Fleure, :03, pp. 4, 15) but the arguments do not seem to 
me conclusive. 
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one half as long as the entire animal; it b attached to the poste- 
rior wall of the nuchal cavity so that its distal end alone is visible 
(Fig. 3). It is a somewhat plume-like organ; 
the shaft of the feather is represented by a 
flattened triangular lamina, very long and 
very narrow, which bears on its flattened 
dorsal and ventral faces the structures cor- 
responding to the barbs. These are two 
series of flattened more or less semicircular 
mi/^."~NuchaJ cavity. ^^^ ^^^^ ^^ which runs transversely across 
X 2. coiumeiiar mus- the shaft SO that its cavity communicates 

cle cut and roof of Cham- i . i i i i i mi 

ber turned back. a„ With each of the two lateral vessels descnbed 

anal paplUa; c, ctenl- U^l^^ 
dium; cm., coiumeiiar ^^'"w. 

muscle: /..foot; /n..m.. Blood is conveved through the gill by 

left and right nephridial . , , i # i. i 

papiiiie:o..o8phradium: means of two vessels each of which occu- 
p. pericardium: pm. pies one margin of the shaft. That on the 

pallial muscle ^^ ° 

right edge conveys blood from the suprarenal 
plexus (cf. p. 184) to the gill, that on the left carries blood from 
the gill to the auricle. In the living animal the gill is usually so 
rotated that the efferent vessel alone is visible. 

Attachment of the shell is effected by a band composed of the 
pallial and the coiumeiiar muscles (Fig. 4). The pallial muscle 
is ring-like and its fibers extend from the shell into the mantle. 
The coiumeiiar muscle is horseshoe-shaped and lies just internal 
to the pallial muscle from which it is separated by no sharp bound- 
ary; its fibers run from the shell into the foot and it is of course 
interrupted anteriorly where the head is interposed between these 
two structures. 

From this muscle band depends the mantle, a thin, tentacle- 
fringed, membranous fold which lines the marginal part of the shell 
and in front of the coiumeiiar muscle runs up to the apex. In this 
region it forms the roof of a deep cavity, the nuchal cavity, which 
lies above the head and neck and is bounded at the sides and be- 
hind by the coiumeiiar muscle and the front part of the visceral 
mass. Elsewhere the mantle forms the outer wall of a groove-like 
space, the mande groove, enclosed between it and the foot. Mantle 
groove and nuchal cavity are of course continuous; both together 
constitute the mantle cavity. 
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The dorsal part of the body is in the main developed into the 
convex visceral mass, but just above the anterior part of the foot 
it suddenly contracts into the neck (Fig. 2) and this, passing for- 
ward and slightly enlarging, gives rise to the head which curves 
ventralward and ends in the so called muzzle, thus bringing the 
mouth to lie flush with the foot. The head consists of a thin, 
muscular wall which in the region of the muzzle is fused with the 
pharyngeal walls but farther back b separated from them by a 
large blood sinus. 

The visceral mass contains the digestive tract, blood vascular 
system, reproductive glands, and nephridia. It is covered by a 
green epithelium which immediately underlies the shell and may 
readily be brushed away. This being done, parts of all the above- 
mentioned organs may be made out through the thin body wall 
though they can be seen somewhat more readily in a specimen 
preserved in Gilson's fluid or formalin. 

In such a preparation (Fig. 4) one notices first the band com- 
posed of pallial and columellar muscles; it is divided into a series 
of fascicles by blood vessels which cross it. External to the muscle 
ring is the mantle, fringed with its tiny tentacles and marked on 
the edge with a band of pigment whose alternations of light and 
dark tint have a general correspondence with the light and dark 
radial markings of the shell. In this region the mantle is thick- 
ened by the presence of a mass of unicellular glands of uncertain 
function. Just internal to the pigment band is a zone, often con- 
tracted to extreme narrowness, which represents the thin, non- 
glandular part of the mantle. Internal to the anterior curve of the 
pallial muscle and between the ends of the columellar muscle is a 
pellucid space; the roof of the nuchal cavity, in which may be noted 
traces of a blood plexus and through which the outlines of the 
ctenidium and the head may be more or less clearly seen. 

Turning now to the visceral mass we note just internal to the 
columellar muscle and pericardium (see below) the edges of the 
generative gland; the bulk of the organ lies in the ventral part of 
the body directly above the foot, but its margins, especially the left 
one, curve dorsalward until they immediately underlie the nephri- 
dium through whose thin walls they are more or less clearly to be 
seen. Internal to the pericardium a small portion of the gland is 



Digitized by 



Google 



182 



THE AMERICAN NATURALIST 



[Vol. XL 



always distinctly visible. In the apical part of the visceral mass is 
the digestive gland; partly imbedded in it and partly lying between 




Fio. 4. — AcnuBa testudinalia. Dorsal view with shell and superficial epithelium 
removed, x 4. a., auricle; c, ctenidium; cm., columellar muscle enclos- 
ing the nuchal cavity and visceral mass; cpn., circumpallial nerve ring, d., 
digestive gland; e., eye; g., generative gland; ffm., glandular zone of mantle; 
h., head; In., left nephrldium; n., mantle nerve; p., pericardium; m.. 
right nephridium, its caeca on the right half of the figure represented in 
profile, on the left half represented en face thus giving the effect of a vascular 
plexus; «., stomach; t., cephalic tentacle; v., ventricle; the inner non- 
glandular portion of mantle is mostly represented as transparent but in a 
small section shows the vascular plexuses 'of which the ventral one underlies 
and obscures the external pallial vessel. The rectum, unmarked, lies be- 
tween the generative gland and the right nephridium. For names of blood 
vessels see text. Two of the vertical interfascicular vessels are shown in dotted 
lines at the left; elsewhere they underlie and are obscured by the horizontal 
interfascicular vessels. Outlines drawn with camera details combined from 
several specimens. 

it and the generative gland are portions of the coiled alimentary 
tract especially the obliquely-running posterior end; sometimes a 
bit of the radula appears near the middle of the gland. On the left 
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side, abutting against the anterior portion of the columellar muscle 
is a pellucid triangular space, the pericardium. This space lies 
for the most part in the anterior, neariy vertical wall of the visceral 
sac and may in a preserved specimen of a ripe Acmaea be almost or 
quite hidden by the generative organ, which seems to overiie it. 
Such an appearance is, however, an artefact, being due to a folding 
of the anterior wall brought about by strong contraction. Behind 
the pericardium and abutting against the whole remaining extent 
of the columellar muscle lies the dorsal portion of the right nephri- 
dium; the ventral part of the organ occupies the right half of the 
ventral face of the visceral mass directly underlying the generative 
gland and is, of course, invisible from above. The marginal part 
of the dorsal nephridial wall is especially conspicuous for this is 
produced dorsally into numerous branched coeca that immediately 
underlie and are grown to the dorsal integument. Anteriorly the 
nephridium not only occupies the margin of the visceral sac but 
sends from its right limb toward the median line a large branched 
lobe which reaches and in part overlies the end of the intestine. 
On the left of the rectum between it and the pericardium, may be 
distinctly seen the small left nephridium, partly overlying the 
rectum. 

The structures thus far described may, as has been stated, be 
made out more satisfactorily in a preserved specimen; the blood 
vessels now to be enumerated can be studied to much better advan- 
tage in a living animal though some of them are distinguishable in 
a preserved one. An Acmsea which has been kept in water of 15° 
to 25° C. until dead or dying is well relaxed. In such a specimen 
some at least of the mantle nerves may often be seen and it usually 
shows clearly the following vessels: — 

1. Internal pallial vessel {Mantelrandvene or Manielrand- 
arterie of Haller), which lies just outside and beneath the pallial 
muscle and, like it, forms a complete ring. 

2. Perivisceral vessel, a U-shaped vessel lying just inside the 
columellar muscle. On the right it is continued around the end 
of this muscle and across the pallial muscle to the internal pallial 
vessel; on the left it ends just behind the pericardium, where it 
falls into one of the horizontal interfascicular vessels. 

3. External pallial vessel (pallial vein of authors), which forms 
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a second ring around the margin of the mantle at the base of the 
glandular zone. 

4. The horizontal interfascicular vessels {Quervenen of Haller), 
a series of vessels which cross the columellar and pallial muscles 
connecting the perivisceral and the internal pallial trunks. 

5. The vertical interfascicular vessels, a series of vessels which 
run up from the foot in the columellar muscle, join each with a 
horizontal interfascicular vessel and so connect with the internal 
pallial. 

6. The mantle plexus. This consists of a dorsal and a ventral 
network. The vessels of the ventral network arise from the inter- 
nal pallial trunk and the ultimate branches end blindly in the 
glandular zone. The vessels of the dorsal network arise from the 
external pallial trunk and end blindly in the non^landular zone 
of the mantle. In a view such as we are describing the two net- 
works are indistinguishable. 

7. The transverse pallial vessels. One or two vessels, which 
arise from the external pallial trunk opposite the left end of the 
columellar muscle, unite (if two are present) and curve around the 
muscle to the auricle. In a relaxed specimen such as we are de- 
scribing they cannot be traced to the auricle but in a perfectly 
fresh animal their pulsation is readily seen. 

8. Indications of a suprarenal plexus (periintestinales Venen- 
netz of Haller). The distal ends of the nephridial coeca are grown 
to the dorsal body wall and the blood sinus in which they lie is 
thus broken up into a series of connecting spaces. 

9. Supravisceral vessels, which ramify over the dorsal surface 
of the digestive gland and open eventually into the suprarenal 
plexus. I have been most fortunate in finding these dorsal vessels 
showing clearly in specimens preserved in Gilson's fluid in which 
the contraction had been reduced to a minimum either by nar- 
cotizing with chloretone or by slitting the muscles of the foot. 

10. Ctenidial vessels. In a preserved specimen one may see 
through the wall of the nuchal cavity the ctenidium with its dorsal 
series of lamellae and the afferent and efferent vessels running 
respectively along its right (posterior) and left (anterior) edges. 
The afferent vessel brings blood from the suprarenal plexus, the 
efferent one carries it to the auricle. At the base of the gill may 
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be seen small opaque patches, the expression of interspaces be- 
tween vessels that open directly into the auricle or the gill vessels. 
Those which open into the afferent vessel come from the anterior 
part of the suprarenal plexus; those which op^n into the auricle 
and the efferent vessel come from the nuchal plexus. 

The nuchal cavity (Fig. 3), as has been said, lies in front of the 
visceral sac and above the head and neck; it is somewhat triangu- 
lar in longisection and its posterior wall curves from side to side so 
that the cavity is much deeper from front to back in the median 
line than laterally. It contains the following structures, which 
with the exception of gill and pericardium are borne entirely on 
the posterior wall : pericardium with the enclosed heart, ctenidium, 
papillae of small left and of large right nephridia, anal papilla. 
Separate generative openings are absent, as is also a hypobran- 
chial gland. 

On looking into the cavity from the front, one notices first the 
large. ctenidium whose line of attachment runs along the mantle 
from the left tip of' the columellar muscle obliquely back to the 
hinder wall of the cavity, where it ends a little on the right of the 
median plane. Through the thin posterior wall of the chamber 
can be seen the rectum lying near its dorsal edge and extending 
from the ctenidium almost to the right tip of the columellar muscle, 
where it ends upon a prominent anal papilla. Below the rectum 
appears a portion of the large right nephridium. It opens by a 
sizable papilla (infra-anal papilla of authors) located at the right 
of the anus. Above the rectum, in the triangle included between 
it, the gill, and the dorsal edge of the mantle cavity, lies the small 
left nephridium; it opens by an inconspicuous papilla (supra-anal 
papilla of authors) above and to the left of the anus. Behind and 
on the left of the ctenidium is a large triangular space enclosed 
between it and the columellar muscle and lying partly in the poste- 
rior and partly in the dorsal wall; this is the pericardium. The 
osphradia are so inconspicuous as to be readily overlooked; they 
are a pair of narrow transverse epithelial ridges which lie on the 
neck a litde behind the anterior end of the columellar muscle. In 
a specimen whose shell was 35 mm. in length the left osphradium 
was 2 mm. long and the right 1.5 mm. According to Dall these 
structures are sometimes rendered conspicuous by an orange pig- 
ment; I have never seen such specimens. 
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Previous Investigations. — No extended account of the external 
anatomy of Acmsea has hitherto been published; the fullest 
description is embodied in a single paragraph by Forbes and 
Hanley ('53, p. 436). Haller's description of the mantle and 
gill will be discussed in subsequent sections. 
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AFFINITIES OF CERTAIN CRETACEOUS PLANT 

REMAINS COMMONLY REFERRED TO 

THE GENERA DAMMARA AND 

BRACHYPHYLLUM^ 

ARTHUR HOLLICK AND EDWARD C. JEFFREY 

Introduction 

This paper is a preliminary contribution, designed to demon- 
strate the value of critical examinations of palseobotanical mate- 
rial by means of the microscope. The results obtained by such 
examinations of three kinds of Cretaceous fossil plant remains 
are described, viz. : cone scales commonly referred to the living 
genus Dammara, leafy branches commonly referred to the extinct 
Coniferous genus Brachyphyllum, whose exact botanical affinities 
have not heretofore been satisfactorily determined, and certain 
lignitic fragments found associated with the foregoing. 

The first mentioned are shown to belong not to Dammara but 
to an extinct genus, closely related to it, to which the new generic 
name Protodanmiara is given. The second are shown to be 
Araucarinean in their affinities and probably to represent the 
branches of the tree which bore the cones from which the scales 
of Protodammara were derived. The third are shown to be 
referable to Araucarioxylon and probably to represent the wood 
of the tree which bore the leaves of Brachyphyllum and the cones 
of Protodammara. 

* Read before the Botanical Society of America, New Orleans meeting, 
January 4, 1906. 

Contributions from the Phanerogamic Laboratories of Harvard University. 
— No. 4. 

Contributions from the New York Botanical Garden. — No. 79. 
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Discoveries which Suggested the Preparation of this 

Paper 

The discoveries which suggested the preparation of this paper 
were described in a previous paper read before the Botanical 
Society of America at the Philadelphia meeting, on December 
30th, 1904.^ During the autumn of that year an interesting 
section of Cretaceous deposits was found exposed in the Andro- 
vette clay pit, at Kreischerville, Staten Island, N. Y. At this 
locality the deposits consist of irregulariy stratified sands and 
clays, in one part of which occurs a lens-shaped bed of closely 
packed vegetable cUbriSy consisting of leaves, cone scales, twigs, 
amber, charred wood, and lignite. At that time special attention 
was given to the amber and the other remains were merely exam- 
ined superficially and briefly mentioned. The suggestion was 
made by Dr. Jeffrey that critical examination of the lignitic frag- 
ments would probably produce interesting results, and this sug- 
gestion led to two joint visits to Kreischerville during the past 
year and the collection of a large amount of new material, in part 
from the original locality and the remainder from the nearby 
Drummond pit. Some of the results obtained from the exami- 
nation of this material form the basis of this contribution. 

Object and Scope of the Investigation 

One of the great difficulties in connection with any attempt to 
determine satisfactorily the relationships of palseobotanical speci- 
mens is due to the fact that such specimens are nearly always 
more or less fragmentary, being represented only by dismembered 
parts or organs of plants, and seldom or never by a complete 
individual organism. Under such conditions it is not surprising 
that descriptions based upon superficial characters only have fre- 
quently resulted in erroneous generic determinations; different 
parts of the same species have often been described under two or 
more specific or generic names; or occasionally a single specific 

* Arthur HoUick. "The Occurrence and Origin of Amber in the Eastern 
United States." Published in Amer, Nat, vol. 29, pp. 137-145, pis. IS, 1905. 
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name was made to include several different fragments which were 
subsequently ascertained to belong to two or more distinct species. 

The identification or determination of a genus solely from the 
shape or superficial markings of a cone or some of its detached 
scales or of a leaf or a leafy twig, can seldom be entirely conclusive 
or satisfactory; but it may be readily appreciated that if, in addi- 
tion, the internal structure of such specimens can be made out by 
the use of the microscope, not only may the genera be thus deter- 
mined beyond question, but many fragmentary scattered remains, 
presenting no superficial characters of any diagnostic value, might 
thus be identified and brought together into their true generic and 
specific relationships. 

Superficial examination of the Kreischerville material showed 
that it contained a number of recognized species, descriptions of 
which were based upon well defined external characters, besides 
quantities of specimens which were not identifiable by ordinary 
means. This indicated a specially favorable field for investiga- 
tion, of which advantage was taken, and the methods employed, 
together with some of the selected results obtained, are here de- 
scribed. 

Description of the Gross Material 

Botanical Characters of the Plant Remains, — A rough exam- 
ination of the gross material showed the presence of pteridophytes, 
angiosperms, and gymnosperms. The remains of the pterido- 
phytes were exceedingly fragmentary and unsatisfactory. Those 
of the angiosperms consisted for the most part of dicotyledonous 
leaf impressions in the clay, usually accompanied by a thin film 
of carbonaceous matter, which generally disappeared on exposure 
to the air. 

The remains of the gymnosperms proved to be more satisfactory, 
however, being represented not only by isolated coniferous leaves 
which retained more or less of the substance of the plant, but also 
by leafy twigs and branches, cones and cone scales, and fragments 
and logs of lignite, some of which contained amber in their inter- 
stices. Special attention was therefore given to these remains 
amongst which specimens of the following genera and species 
were separated out and identified. 
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List of the Coniferous Remains 

1. Cone scales, allied to Dammara and similar to very small speci- 
mens of D. microlepis Heer. These are described in this paper on p. 199 
under the new generic name Protodammara. 

2. Cone scales and leaves of Pinus sp. The scales are relatively 
small. Several of the leaf specimens showed three in a bundle, enclosed 
in a sheath. 

3. Leafy twigs of Sequoia reichenhachi (Gein.) Heer, jS. heterophylla 
Vel., Juniperus hypnoides Heer, Widdringtonites reichii (Etts.) Heer, 
Frenelopsis gracilis Newb., and BrachyphyUum macrocarpum Newb. 

4. Lignite and other fragmentary coniferous remains which could 
not be generically determined from their external characters. 

5. Amber, occasionally in the interstices of the lignites, but for the 
most part in the form of smaU drops or "tears" and irregular fragments. 



Methods Employed in the Critical Examination of the 

Material 

Maceration and Separation of the Gross Material. — In the 
exajnination of the finer vegetable debris previously described 
the following method was employed. Caustic soda or potash 
in 1 to 3% solution was used with considerable success. After 
this treatment the fragments of plants were somewhat swollen 
and separated readily from one another and from the argillaceous 
matrix. The loosened clay was washed away on a wire gauze 
tray of not too fine meshwork and the lignitic or carbonaceous 
fragments were left in a clean and recognizable condition. The 
fragments in most cases were rather small, especially those of 
greatest interest, so that the most convenient method of recogni- 
tion was by means of a dissecting microscope of very low magni- 
fication. A great many different kinds of coniferous remains 
were thus separated out and identified from their external appear- 
ance, as well as many charred specimens of dicotyledonous woods. 
Of these in general no account will be given at the present time, 
for attention was restricted to the cone scales similar to those 
referred by Heer to the genus Dammara, leafy branches belonging 
to the Brongniartian genus BrachyphyUum, and certain Ar- 
aucarineous lignites. The chosen material was often in a very 
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good state of preservation especially when charred, or partially 
charred. 

Sectioning and Microscopic ExaminxUion of Specimens. — In 
the case of lignitic or charred vegetable remains it is necessary 
for successful study to obtain very thin sections, on account of the 
dark color and opacity of the fossilized tissues. By the use of 
hydrofluoric acid for removing mineral matter and by embedding 
in thickened, celloidin, it was found possible to make sections 
often of large area, as thin as 5 micra which proved admirable 
for photomicrographic purposes. These sections were cleared 
at once in benzole without previous staining, since the natural 
dark color of the lignites was suflBciently pronounced to differ- 
entiate the structures, even in very thin sections. In some cases 
it was found necessary to reduce the natural dark hue of the prepa- 
rations and chlorine water was useful for this purpose. The 
sections were mounted in balsam on plate-glass slides and after 
previous drying were subjected to pressure and high temperature 
in the warm oven for the purpose of making them perfectly flat. 
All the photomicrographs in the present article were made by 
means of Zeiss lenses, except those showing surface features. 
The latter were executed with the admirable Heliar lenses of the 
Spencer Lens Co. Electric light was employed in all cases as the 
illuminant. 

Descriptions of Specimens 

Cone Scales Commonly Referred to Dammara. — Fossil cone 
scales similar to ours were described and figured for the first time 
by Professor Edward Hitchcock,^ in his account of the organic 
remains found at Gay Head, Martha's Vineyard. They were not 
named by him, but his figures and description leave little to be 
desired. He says: **Figs. 4, and 5, represent different individuals 
of another variety of vegetable remains .... These are not mere 
impressions; but a scale of carbonaceous matter, mixed with 
amber, marks the spot where the vegetable was imprisoned .... It 
seems to me very obvious that these remains must be the seed 
vessels of some coniferous plants." 

» Final Rept. Geol. Mass., vol. 2, p. 430, pi. 19, figs, 4, 6, 1841. 
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It was not until many years after Hitchcock's description was 
published that any further discovery of similar remains was made, 
or at least recorded, and to Professor Oswald Heer belongs the 
credit of first recognizing their affinities with the living Coniferous 
genus Dammara, in his description of specimens identical with 
those from Gay Head, under the name D, borealw,^ from the 
Cretaceous of Greenland, in his discussion of which he says (p. 55) : 
"Es haben diese Schuppen so grosse Aehnlichkeit mit derjenigen 
von Dammaia (Agathis), dass wir sie derselben Gattung zutheil- 
en diirfen." For purposes of comparison a figure of this species, 
representing a specimen collected at Gay Head, is shown on Plate 
1, Fig. 1. 

Two other so called species were also described and figured 
by the same author, viz.: D, microlepis^ and D, macrosperma.^ 
A specimen of the former, collected at the Gay Head locality, is 
shown on Plate 1, Fig. 2, which, by comparison, may be seen to 
differ from D, borealis merely in size. D, macrosperma has not 
been recognized in any collection of material except that from 
Greenland, and it is doubtful if it should be regarded as speci- 
fically distinct from the other two. In other words all three of 
these so called species might very well be included under D, 
borealis, 

Heer was evidently in considerable doubt in regard to the 
identity of some of his specimens and also with regard to their 
botanical relationships. In his discussion of D. microlepis for 
example he says (p. 55, loc, cit.): "Hat einige Aehnlichkeit mit 
den Bliithenknospen des Eucalyptus Geinitzi," and a comparison 
with the figures of the objects which he refers to the fruit of that 
species * shows them to be so closely similar in appearance to his 
Dammara scales as to be practically indistinguishable from them. 

Krasser, Beyer, and Velenovsky subsequently described and 
figured similar remains from the Cretaceous of Europe, with vary- 
ing opinions as to their probable botanical affinities. The last 



'Fl Fo88. Arct., vol. 6, pt. 2, p. 54, pi. 37, fig. 6, 1882. 

*/Wd., p. 55, pi. 40, fig. 6. 

»/Wci., vol. 7, p. 17, pi SS, fig. 11, 1883. 

* Ibid., vol. 6, pt. 2, p. 93, pi. JfS, figs. 4-9, 1882. 
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author first referred them to Ev/calypius geinitzi Heer,^ with the 
leaves of which species they were found closely associated, but 
later he called what are evidently identical remains Dammara 
borecUis Heer.^ 

In 1889, Mr. David White visited Gay Head, and in the fol- 
lowing year, in a paper "On Cretaceous Plants from Martha's 
Vineyard " ' he described and figured specimens collected there, 
referring to them as follows (pp. 98, 99) : " Next to the preceding 
species, the most numerous of the plants from Gay Head is 
EvcdlyptiLS Geinitzi Hr., fig. 8-11, two of whose fruits, 'resem- 
bling unopened flowers of syngenesian plants,' were figured as 
'scales of vegetable remains' in Hitchcock's Final Report. This 
species, first described from the Liriodendron beds (Middle Cre- 
taceous) of Greenland, is abundant in and most characteristic of 
the Middle Cretaceous of Bohemia, and is also present in the 
same stage (Cenomanian) in Moravia. The specimen, fig. 11, 
is included here on account of its coincidence with one figured by 
Velenovsky (Foss. Flor. bohm. Kreide., iv, pi. xxv, fig. 7), which 
he supposed represented a flower of this species. It may belong 
to a conifer. 

" The remains of the nuts show longitudinal furrows (white in 
the figures) filled with a resin which is * indistinguishable by 
ordinary tests from Amber,' and which was observed and pro- 
nounced amber by Hitchcock in 1841. These doubtless are the 
remains of gum or oil vessels, such as exist in the nuts of recent 
Eucalypts; and the granules of 'amber' can hardly be else than 
Eucalyptus gum. 

" The explanation is at once suggested that the fragments of 
amber observed by various writers, during the last hundred years, 
about Gay Head, and in the New Jersey Cretaceous, where also 
Eucalypts are found, are the product of the contemporaneous 
'gum-trees,' rather than of some conifer. None of this Ameri- 
can amber has, I believe, been tested for succinic acid, or to 
show its relation to true amber." 

» Fo88. Fl. Bdhm, Kreideform., pt. 4, p. 1 [62], pi 1 [B4l figs. 1, 2; pL f^ 
[eS], fig8. 6-11 ; pi 4 [;^], fig. IS in paH, 1885. 
» Kvet. Cesk. Cenomanu, p. 7, pi /, figs. 28, 29, 1889. 
Mwer. Joum. Set., vol. 39, p. 93-101, pi. 2, 1890. 



Digitized by 



Google 



196 THE AMERICAN NATURALIST [Vol. XL 

At about this same time Dr. J. S. Newberry was engaged in the 
investigation of the Cretaceous flora of New Jersey, the results of 
which were later included in his "Flora of the Amboy Clays." ^ 
In this work he lists Dammara borealis Heer as a characteristic 
and abundant element of the flora, and says (pp. 46, 47): "In his 
Flora Fossilis Arctica (loc. cit.) Professor Heer describes and fig- 
ures the scales of a conifer which very much resemble those of 
Dammara avMraliSj and yet there are some reasons for doubting 
the accuracy of his reference. It may also be said that the fruit 

scales which he calls Eucalyptus Geinitzi are without doubt 

genericaJly the same .... the fruits figured by Heer under the 
name of Eucalyptus are plainly scales, and are parts of an imbri- 
cated cone. I say this with confidence, because it has happened 
that in the Amboy clays we have found numbers of them some- 
times associated together, oftener scattered and showing both faces. 
A peculiarity of these scales is that they are striped longitudinally 
by clefts which are filled with an amber-like substance. This 
structure is plainly seen in those figured by Professor Heer on PL 
XLV. Similar scales are described in an article by Mr. David 
White on the fossil plants from Gay Head 

"The considerations which have led me to doubt whether these 
cone scales are those of Dammara are that we have found no 
Dammara-like leaves associated with them, whereas in New 
Jersey they occur in great numbers mingled with and sometimes 
apparently attached to the branchlets of an extremely delicate 
conifer much like Heer's Juniperus macUenta .... Almost no 
other plant except this conifer is found with the cone scales, and 
it is difficult to avoid the conclusion that they belong together. 
Another reason for doubting whether these are the scales of a 
Dammara is that in some of them traces of two seeds are appar- 
ently visible, while in Dammara there is but one seed under each 
scale." 2 

The discussion is further continued by Dr. Newberry under his 

» Monogr. U. S. Geol. Surv., vol. 26, 1895. 

' This observation by Dr. Newberry is particularly interesting in the light 
of what we now know in regard to the Kreischerville specimens, as may be 
appreciated by referring to our description of the seed scars on those scales, 
on p. 199. 
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description of Juniperus macilerda, on pp. 54, 55 {he, cit.), ss fol- 
lows: "Thickly scattered among the twigs there are cone scales 
and cones .... The cone scales are evidently identical with those 
described by Heer under the name of Dammara microlepis. . . . 
and probably with those described by him as Dammara borealis" 
He says, however, that they cannot belong either to Dammara 
or to Juniperus and finally concludes with the hope "that in the 
future material will be obtained that will enable us to reconstruct 
this tree and determine with accuracy its botanical relations." 

Dr. Newberry again refers to the scales in connection with his 
discussion of Etuialyptusf angvsiijolia, in the following words 
[ibid,, p. Ill): "Professor Heer feels strengthened in his refer- 
ence of leaves having this nervation to Eucalyptus by finding in 
company with them what he regards as the fruit of Eucalyptus; 
but in my judgment the examples he gives of this fruit. . . .are 
rather detached scales of the cone of some conifer, and probably 
generically identical with the cone scales which he has called 
Dammara borealis/* 

Some years ago the senior writer of this paper began an investi- 
gation of the Cretaceous flora of the Atlantic coastal plain, and in 
the material collected in New Jersey and on Staten Island, Long 
Island, Block Island, and Martha's Vineyard, numerous speci- 
mens of cone scales were found, some of them unquestionably 
identical with Dammura horealis or D, microlepis as defined by 
Heer, and others which apparently represented new species. 
Following are references to the specimens in question: — 

^^ Dammara horealis, Heer ?" Tottenville, Staten Island. Trans. 
N, F. Acad, Sci., vol. 12, p. 31, pL 1, fig, 17, 1892. 

''Dammara borealis, Heer." Chappaquidick, Martha's Vine- 
yard. BvU. N. Y. Bot, Gard., vol. 2, p. 402, pi, U, fig- 6, 1902. 

^* Dammara microlepis Heer (?)." Ball's Point, Block Island. 
Ann. N. Y. Acad. Set., vol. 11, p. 57, pi. 3, figs, 9 a, b, 1898. At 
the time when these two specimens were described they were only 
referred provisionally to this species, in the following words: "The 
ones under consideration are, however, smaller than any which 
have been previously figured and might perhaps be referred to a 
new species, but in view of the limited amount of material and its 
fragmentary condition, I have thought it best to refer the speci- 
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mens provisionally to Heer's species." I am now satisfied that 
they belong to the new genus and species hereafter described and 
they are included, for comparison, on Plate 1, Figs. 12, 13. 

''Dammara Northportensis sp. nov." Little Neck, Northport 
Harbor, Long Island. Bull, N. Y, BoL Gard,, vol. 3, p. 405, jd. 
70, figs, ly 2, 1904. A figure of this species is reproduced on Plate 
1, Fig. 4. 

**Dam7nara (f) Clifftooodensis n. sp." Cliffwood, N. J. Trans. 
N. Y. Acad. Sci., vol. 16, p. 128, pi. 11, fi^gs. 5-8, 1897. A figure 
of the type specimen of this species is reproduced on Plate 1, Fig. 3. 
This species may also be found described and figured by Mr. 
Edward W. Berry in his "Flora of the Matawan Formation (Cross- 
wick's Clays)," * and again in a subsequent paper on "Additions 
to the Flora of the Matawan Formation"; ^ but the figures more 
nearly resemble D. borealis than they do the species to which they 
are referred, and the author himself remarks, in regard to the one 
last mentioned (p. 70): "The specimen is an unusually perfect 
one. ... In outline and size it is very similar to the scale from 
Tottenville referred by Hollick to Dammara borealis Heer." 

Finally may be mentioned the species described and figured by 
Dr. F. H. Knowlton, under the name Dammara acicidaris, in his 
"Fossil Plants of the Judith River Beds," ' which differs from all 
the other species in the possession of a well defined apical awn or 
spine, although in many of our individual specimens a similar 
feature, of smaller size, is present, and in others its former pres- 
ence is clearly indicated. 

If all the opinions expressed by the authors in the papers quoted, 
are analyzed it may be seen that a majority favor the idea that the 
scales are Coniferous and that their relationships are with Dam- 
mara, or with some other genus closely allied to it. Whether 
more than one species is represented in the various forms that 
have been described as such is a problem which yet remains to be 
solved and its solution will doubtless be attended with more or 
less diflBculty, but the identification of the genus to which each 
form belongs should be a comparatively easy task, provided the 

» BuU. N. y. Bot. Gard., vol. 3, p. 61, pZ. 48, figs. 8-11, 1903. 

' BiUl. Torrey Bot. Clvb, vol. 31, p. 69, pi, /, /ig. //, 1904. 

» BuU. U. S. OeoL Surv., no. 257, p. 134, pi. IS, figa. 2S, 1905. 
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material available for study is such that it can be sectioned and 
subjected to critical examination under the microscope. Thus 
far the only specimens which we have so examined are those from 
Kreischerville, but it is hoped that the investigation may be con- 
tinued in the future so as to include specimens from other localities. 

Protodammara spedosa n. gen. et sp. 

Plate 1, Figs. 5-13; Plate 2, Figs. 1-5 

"Dammara microlepi8 Heer (?)." Holiick, Ann. N. Y, Acad. Set., vol. 
11, p. 57, pi. 3, figs. 9 a, 6, 1898. 

Organisms consisting of kitenshaped cone scales, from 4 to 6 mm. 
long by 4 to 6 mm. broad above, abruptly narrowed from about the 
middle to the base, rounded, incurved, and apiculate above; resin 
ducts five or more, extending down the lower surface of the limb; 
seed scars three in number, crescentically arranged above the middle 
and approximately in the broadest part of the scale, with the central 
one higher up than the laterals. 

Plate 1, Figs. 5-13, shows the scales natural size; Plate 2, Figs. 
1 a, b, c, 2, shows four specimens with the upper surfaces exposed, 
magnified about ten diameters. Although they may be seen to 
resemble closely those of a small female cone of Dammara they 
are distinguished from the scales of that genus by the apical proc- 
ess and by the fact that they obviously bore three seeds instead 
of only one. It might indeed be inferred, from the presence of 
three apically attached ovules, that we have here to do with cone 
scales of one of the Sequoiinefie, rather than with one of the Arau- 
carinese, but the internal structure shows that they are truly 
Araucarian. 

Plate 2, Fig. 3, represents a transverse section of the base of a 
scale, magnified about 40 times. A little below the middle point 
may be seen a single small fibrovascular bundle. At a higher 
plane of section this separates off a single upper bundle of inverted 
orientation and gives off a number of lateral bundles to the lower 
surface of the scale. The upper bundle supplies the seeds. In 
the higher part of the scale the inferior bundles are surrounded 
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by a dense cordon of transfusion tissue. The arrangement of 
the bundles of the scale presents throughout a close resemblance 
to that found in Dammara. 

Plate 2, Fig. 4, represents about half of a transverse section of 
a scale, magnified about 50 times. The funicular attachment of 
one of the lateral seeds may be seen on the upper surface of the 
scale. 

Plate 2, Fig. 5, shows a longitudinal section through the apex of 
the scale, which at the same time is also nearly median, magnified 
about 40 times. 

There can be no doubt that these scales are Araucarian and that 
while they resemble the genus Dammara they do not belong to it 
We have therefore proposed for them the generic appellation 
Protodammara. 

Formation and Locality: Cretaceous clays, Raritan Formation, 
PI. 1, Figs. 5-11 and PL 2, Figs. 1 a, b, c, 2, Kreischerville, Staten 
Island, N. Y.; PI. 1, Figs. 12, 13, Ball's Point, Block Island, 
R.I. 

Leajy Branches Commofily Referred to Brachyphyllum, — This 
genus was based upon the external characters of certain leafy 
branches, of Jurassic age, and was described under the noncom- 
mittal heading **Coniffere douteuse." The type of the genus b 
B, mamiUare Brongt., which he described but did not figure.* 
The species was figured by subsequent authorities however, not- 
ably by Saporta,' one of whose illustrations (fig. 4, loc. cit.), \s 
reproduced on Plate' 1, Fig. 14. A number of other species have 
also been described under the genus and under the closely related 
or synonymous genera Echinostrobus, Arthrotaxites, Thuites, 
Palaeocyparis, etc. By some authors these genera have been all 
included under Brachyphyllum and by others they have either 
been regarded as distinct or else they have been grouped in various 
combinations. Their true botanical relationships, however, were 
never satisfactorily determined, although they were generally con- 
sidered as allied to the Sequoiineae or the Cupressineae and as 
related to Arthrotaxis, Thuja, or Glyptostrobus. The species 



» Prod. Hist. Veg. Foss., p. 109, 1828. 

' Planus Jurassiques, vol. 3, pi. 34, figs. 3-7, 1884. 
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described by the earlier authors were all from Jurassic horizons 
but subsequently species were described from the Cretaceous/ 
and it is with these that we are especially concerned. 

The question of generic identity between the several allied 
forms does not, however, come within the scope of this paper. 
The only matter which is of immediate concern is the fact that 
we have found at Kreischerville the leafy branches of a Brachy- 
phyllum and have been able to determine, for the first time, by 
means of its internal structure, the exact relationship which it 
bears to certain living Coniferae. This species is the same so far 
as external characters are concerned, as that described by New- 
berry from the Amboy clays of New Jersey (B. macrocarpum 
Newb., loc. cU.), and it has also been found at Northport, 
Long Island, and at CliflFwood, N. J. A reproduction of New- 
berry's fig. 1 (loc. cit) is shown on Plate 1, Fig. 15, and the North- 
port specimens on the same plate, Figs. 16, 17. These are all 
natural size. 

Plate 3, Figs. 1 a, b, c, shows three fragments of branches from 
Kreischerville, magnified about 6 times, and Fig. 2, on the same 
plate, shows one magnified about 10 times. 

Plate 3, Fig. 3, shows a piece of another branch magnified about 
the same as the latter, and illustrates particularly well the longi- 
tudinal converging striae characteristic of the leaves of Brachy- 
phyllum. 

Plate 3, Fig. 4, represents a transverse section through a rela- 
tively old branch, magnified by 8, in which the woody cylinder is 
well developed. The pith has largely collapsed, although it con- 
sists in large part of sclerotic cells. 

Plate 3, Fig. 5, shows a transverse section of a young branch, 
magnified by 15. Four leaves may be seen on the margins of the 
figure, and of these, those on the broad upper and lower surfaces 
of the branch overlap those on the margins, as they are cut through 
at a higher region. The leaves are attached to the surface of the 
stem by practically all of their ventral surface, with only a very 

* Echinostrobus squamostis Vel., Gymnosp. Bdhm. Kreideform.j p. 16, pi. 6, 
fig8. 3, 6^, 1885; Thuites crassits Lesq., Cret. and Tert. FL, p. 32, 1883; Brachy- 
phyllum macrocarpum Newb., "Fl. Amboy Clays" (Monogr. U. S. Geol. Surv., 
vol. 26), p. 51, footnote, pi. 7, figs. 1, S, S, 7, 1895. 
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narrow border left free, where in their upper portions they over- 
lap their neighbors. The anatomical features cannot be made 
out in this section as the magnification is not sufficient. 

Plate 4, Fig. 1, shows a transverse section through the woody 
cylinder of the younger branch shown on Plate 3, Fig. 5. By 
using a lens it may be seen that at this stage the cylinder consists 
of clearly separated bundles. On the right a single leaf-trace is 
passing off. 

Plate 4, Fig. 2, reproduces a cross section of the basal portion 
of a leaf from the margin of the same young branch. It may be 
seen that there are several fibrovasculdr bundles present. These 
have originated from the single trace previously described. Of 
the Cupressinece, Sequoiineae, and Araucarinece, the only Conifers 
with which Brachyphyllum has ever been placed, the latter group 
alone have the branched leaf-trace, 

Plate 4, Fig. 3, shows a similarly branching leaf-trace from one 
of the broad leaves which clothe the upper and lower surfaces of 
the stem in the genus Brachyphyllum. 

Plate 4, Fig. 4, shows a portion of the latter under a higher 
degree of magnification. The lower fibrovascular tissue is obvi- 
ously dividing into three branches. 

Plate 4, Fig. 5, is part of a branch of Brachyphyllum in trans- 
verse section. The light spaces are the sections of resin-canals. 
Although the material was passed through a number of solvents 
of resin, used in a hot condition, there is still some matter present 
in the lumina of the resin-passages. This appears to be of a 
mucilaginous nature and is comparable to thai found among living 
Conifers only in the genera Araucaria and Dammara, 

Plate 4, Fig. 6, shows a transverse section of a diseased branch 
of Brachyphyllum, in which there is one particularly large resin- 
cavity. The fossil mucilage, as we consider it to be, is present 
also in this instance. We have, in fact, found this substance to 
be always present in Brachyphyllum, except in charred branches, 
and those which had become very rotten in the process of fossili- 
zation. The mucilaginous contents of the resin-canals afford an- 
other reason for associating Brachyphyllum with the Araucarineas 
rather than with the Cupressinew or the Sequoiinece. 

The most important argument, however, in favor of the Arau- 
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carineous nature of Brachyphyllum is the structure of the wood 
and phloem. Plate 5, Fig. 1, is a longitudinal radial section of the 
tracheids of the wood, highly magnified. They show the flattened 
and alternating bordered pitSy which are the diagnostic feature of 
Aravcarioxylon Kraiis. 

Plate 5, Fig. 2, makes the diagnosb beyond dispute, as it shows 
the very striking Aravcarineous character of the rays. Plate 5, 
Fig. 3, represents a transverse section through tjie xylem and 
phloem in a yearling branch. Plate 5, Fig. 4, shows two bundles 
in the young stem of Brachyphyllum. It may be seen that the 
region of the phloem is marked by the absence of the regularly 
aUemating rows of hard bast-fibers, which are found without 
exception in the phloem of all Cupressineous and Sequoiineous 
Conifers, 

Lignites Referable to Araucarioxyhn, — Associated with the cone 
scales of Protodammara and with the leafy branches of Brachy- 
phyllum are found numerous specimens of lignite, amongst which 
are two types of Araucarioxylon. The first of these is very simi- 
lar to the wood of the living Dammara, and like Dammara it is 
characterized by the presence of resinous tracheids. The pith, 
when present, is seen to be large and composed mainly of tanni- 
niferous cells as in that genus. When wounded the wood of this 
Araucarioxylon does not give rise to traumatic resin-canals. 

The second type, so far as we have been able to observe, does 
not possess resinous tracheids. The pith, when present, is sclerified 
and of small size as in Brachyphyllum. The wood, when injured, 
forms resin-canals of a traumatic character. 

Plate 5, Fig. 5, shows a row of traumatic resin-canals in this spe- 
cies. Plate 5, Fig. 6, shows one of these resin-canals and the ad- 
jacent wood, highly magnified. The tracheids of the wood are seen 
to be free from resin. This type of Araucarioxylon appears to be 
the wood of Brachyphyllum, while the type first described appears 
to belong to Araucarian Conifers more nearly allied in structure 
to those now in existence. 
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Conclusions 

The cone-scales referred by Heer to Dammara, at least in the 
case of those from Kreischerville, do not belong to that genus but 
to the hitherto unrecognized Araucarinean genus Protodammara. 

The leafy shoots and branches from several eastern American 
Cretaceous beds referred by various authors to Brachyphyllum* 
are of Araucarian affinities, as shown by their structure and as 
indicated by their constant association with the cone scales of 
Protodammara. 

A large part of the lignites associated with both the above are 
Araucarineous and probably represent in part the wood of the 
trees which bore the leafy branches of Brachyphyllum and the 
cones of Protodammara. 

The latter genus was in all probability the last survivor of an 
ancient Araucarian line of descent, joined near its base with the 
primitive stocks of the Abietineous and Cupressineous series. Its 
anatomical characters show that it was forced to occupy less 
advantageous situations in Cretaceous times, and. possibly in 
eariier periods as well. It may have grown on dry hills, while 
the better adapted related forms, which still survive in the modern 
genera Araucaria and Dammara, flourished in the richer lowlands, 
in company with other gymnosperms of higher type of develop- 
ment and with the angiosperms, which even then had begun to 
assume the predominant position which they occupy to-day. 

* We do not consider it by any means proved, that all the leafy branches 
of the type of Brachyphyllum are necessarily Araucarian. It appears not 
improbable that some of the shoots of this general type may belong to 
other families of the Conifers. This for example may well be the case with 
some Coniferous remains recently described by M. Zeiller, from the upper 
Lias of Madagascar and referred to Sequoiineous affinities. In this instance 
the cones were found attached to the branches and the author remarks that 
the superior portion of the cone scale terminates ** en une pointe obtuse- 
ment aigue", a somewhat suspicious feature of resemblance to our Pro- 
todammara. 
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PLATE 1 

Fio. 1. — Dammara borealis Heer, natural size. Gay Head, Martha's Vineyard, 

Mass. 
Fio. 2. — Damnutra microUpis Heer, natural size. Gay Head, Martha's Vineyard, 

Mass. 
Fio. 3. — Dammara cliffwoodensU Hollick, natural size. ClifFwood, N. J. 
Fio. 4. — Dammara northportensis Hollick, natural size. Little Neck, Northport 

Harbor, Long Island, N. Y. 
Fios. 6-18. — Protodammara speciosa n. gen. et sp., natural size. Figs. 5-1 1 , Krei- 

scherville, Staten Island, N. Y.; Figs. 12. 13, Ball's Point, Block Island, R. I. 
Fio. 14. — Brachyphyllttm mamillare Brongt. (after Saporta), natural size. 
Fio. 15. — BrachyphyUum macrocarpum Newb., natural size. South Amboy, N. J. 
Fios. 16, 17. — BrachyphyUum macrocarpum Newb., natural size. Little Neck, 
Northport Harbor, Long Island, N. Y. 
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PLATE 2 

Figs. 1-5. — Proiodammara apedosa n, gen. et sp., enlarged. Kreischerville, 
Staten Island. N. Y. 

Figs. 1 a, b, c. 2. — Upper surface of cone scales, x 10, or more. 
Fig. 8. — Transverse section of the base of a scale, x about 40. 
Fig. 4. — About half of a transverse section of a scale, x 60. 
Fig. 6. — Longitudinal section through the apex of a scale, x 40. 
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PLATE 3 

FiQs. 1-5. — BrachyphyUum macrocarpum Newb., enlarged. Krelscherville, 
Staten Island, N. Y. 
Figs. 1 a, b, c. — x about 6. 
Figs. 2, 3.— X about 10. 

Fig. 4. — Transverse section through a relatively old branch, x 8. 
Fig. 5. — Transverse section through a young branch, X 16. 



210 



Digitized by 



Google 




Digitized by VjOOQIC 



PLATE 4 

F108. 1-6. — Brachyphyllum macrocarpum Newb., enlarged. Krelschervllle, 
Staten Island, N. Y. 

Fig. 1. — Transverse section through the young woody cylinder of the branch 
shown on Plate 3, Fig. 5. 

Fig. 2. — Cross section of the basal portion of a leaf from the margin of the 
same, x 50. 

Fig. 3. — Same, showing a branching leaf trace, x 50. 
Fig. 4. — More highly magnified, x 70. 

Fig. 5. — Transverse section of a branch, showing resin-canals, X 30. 
Fig. 6. — Transverse section of a diseased branch, showing a particularly 
large resin-canal, x 30. 
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PLATE 5 

Fios. 1-4. — BrachyphyUmn macrocarpwn Newb., enlarged. KreischenrlUe, 

Staten Island, N. Y 

Fig. 1. — Longitudinal radial section showing the radial pits of the tracheids, 

X 200. 

Fig. 2. — Medullary ray showing the characteristic Araucarian lateral pits of 

the ray cells, x 200. 

Fig. 3. — Transverse section of the xylem and phloem in a yearling branch, 

X 200. 

Fig. 4. — Transverse section of a young branch showing the xylem and 

phlo<<m, X 200. 
Figs. 6, 6. — Araucarioxylon sp., enlarged. Kreischerville, Staten Island. N. Y. 

Fig. 6. — Transverse section of injured wood, x 60. 

Fig. 6. — One of the traumatic resin canals of the same, x 160. 
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A NEW PYCNOGONID FROM THE BAHAMAS 
LEON J. COLE 

Mr. Thomas Barbour has kindly turned over to me for exam- 
ination a single pycnogonid taken upon the expedition made by 
himself, in company with Dr. G. M. Allen and Mr. Owen Bryant, 
to the Bahama Islands in the summer of 1904. A general narrative 
of their cruise has been published privately by Allen and Barbour 
(: 04). The present paper constitutes the seventh of a series based 
upon the specimens collected by them. 

It would appear from the fact that only a single pycnogonid 
was taken during this trip, and that none has been reported from 
the collections of previous scientific expeditions to the same region, 
that this group must be pooriy represented in the waters contiguous 
to the Bahamas. And in this connection it is interesting to note 
that the specimen under consideration belongs without doubt, in 
its systematic relationships, with two species which Dohm ('81) 
described from the Gulf of Naples, constituting his genus Barana. 
This genus is undoubtedly very close to Parazetes, established by 
Slater (79) for a pycnogonid from Japan, and possibly should be 
united with it. The chief difference appears to be the possession 
by Parazetes of only 9 joints in the palpi, but this is of the less 
importance when one considers that it is apparently the terminal 
joint which is lacking, and that the other joints have about the 
same relative proportions that they have in Barana. Slater lays 
emphasis on the point that in his specimen the proboscis was 
4-cleft; but since the trimerous proboscis is almost universal * 
in all other known Pycnogonida, it is not unreasonable to suppose 
that he might have had a specimen possessing an individual 
abnormality. Unfortunately he gives no figures, which would 
greatly have facilitated the comparison of Parazetes with other 

*In Rhynchothorax mediterraneiis O. Costa the proboscis is said to consist of 
but two antimeres, owing to the failure of the dorsal antimere to develop (c/. 
Dohrn, '81, p. 211). 

217 



Digitized by 



Google 



218 THE AMERICAN NATURALIST [Vol. XL 

pycnogonids. Should later discoveries show these forms to belong 
properly in the same genus, the name Parazetes will take pre- 
cedence over Barana. 

As Sars ('91, p. 133) remarks, the genus Ascorhynchus is cer- 
tainly very close to Barana, but Eurycyde appears to be well 
characterized. It seems to me doubtful that Nymphopsis ^ Has- 
well ('85) and Alcinous O. Costa ('61) belong in this family (Eury- 
cydidse). 

Barana latipes sp. nov. 

PI. 1, Figs. 1-4; PI. 2, Figs. 5-11 

Type: Adult ?, Museum of Comparative Zoology, no. 6947, 
Crustacea. Collected by Owen Bryant, from rocky shore. Sweet- 
ing's Village, Great Abaco, Bahamas, 22 July, 1904. 

Trunk broad, compact, tapering somewhat posterioriy; seg- 
mentation well marked, the first three segments conspicuously 
enlarged dorsally and ventrally at their posterior ends, this en- 
largement forming almost a knob on the dorsal side. Lateral 
processes stout, about as broad as long, closely approximated but 
without touching, and each with a conical protuberance dorsally 
near its distal end. First trunk segment extending anteriorly 
from the eye tubercle in an elongate, cylindrical neck, which has 
distinct processes for the articulation of the palpi and the ovigera, 
the former at the anterior end, the latter immediately anterior to 
the processes of the first legs. The neck b prolonged at its ante- 
rior end into two sharp conical processes, beneath which the 
chelifori arise. Trunk and all its processes almost smooth and 
unarmed. 

Caudal segment (PI. 2, Fig. 7) elongate, horizontal, enlarged 
distally, and sparsely armed with a few scattered small spines; 
about as long as neck anterior to the processes for the ovigera. 

Eye tubercle situated at the base of the neck and midway in 
the length of the first trunk segment; rather high and pointed 
forward ; consisting of a smaller pointed dome placed on the ante- 
rior face of a larger conical elevation (see PI. 1, Fig. 2). Eyes 
dark; in the smaller dome. 

*More fully characterized by Schimkewitsch ('87, p. 128). 
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Proboscis large, trimerous, with three distinct lips at the tip 
(PI. 2, Fig. 6); it arises from the ventral side of the neck at its 
anterior end, and is directed downwards and backwards, in which 
position it reaches back to the posterior border of the second 
trunk segment (see PI. 1, Fig. 2). In outline it is seen to be 
fusiform, but is divided at about its distal third by a distinct 
groove; the basal part does not, however, constitute a distinct 
segment as in Eurycyde. The proximal portion expands rather 
regularly to its outer end, while the distal portion taken by itself 
is distinctly pear-shaped. In cross section, or as viewed from the 
end (PI. 2, Fig. 6), the proboscis is triangular, the dorsal angle 
being directed downward as the organ is carried turned back 
under the body. 

Chelifori (PL 1, Fig. 3) short, 2-jointed,* and armed with a 
few small, scattered spines. The basal joint, which expands 
somewhat distally, is only about as long as the breadth of one 
of the lateral processes, while the second joint is merely a minute 
rounded knob. No indication could be seen of a former chelate 
condition, though these organs undoubtedly possess chelee in the 
larva. 

Palpi (PI. 2, Fig. 11) arising from small lateral processes at 
the anterior end of the neck; 10-jointed; joints 1 and 2 very 
short; joints 3 and 5 about equal in length, and much the long- 
est of all; the former expands rather gradually distally, while the 
latter is broadest near its proximal end. Joint 4 equals in length 
about one third of joint 5; joint 6 is still shorter and bends at a 
right angle to 5; joint 7 is slightly longer than joint 6, and the 
succeeding joints, 8, 9, and 10, decrease gradually in size. These 
distal four joints normally lie in nearly a straight line and par- 
allel with joint 5, and reach back about two thirds of its length. 
The first five joints are sparsely armed with small spines, which 
become more numerous, however, at the distal end of joint 5, 



'Caq>enter (: 05, p. 4) maintains with good reason that each of the parts of 
the chela, when present, should be counted as a joint. Without explanation, 
however, such a nomenclature is apt to introduce confusion, especially in those 
cases where the movable finger is reduced to the merest knob or projection on 
the palm, or may apparently disappear completely, as in the case of the sp>ecie8 
here described. 
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and are thickly set on the outer sides of all the succeeding joints, 
where they are about equal in length to the diameter of the joints. 
The whole palp, if extended straight backward, would reach 
about to the base of the caudal segment. 

Ovigera (PI. 2, Fig. 9) 11-jointed;^ about a third longer (in 
the female) than the palp, the length to the principal flexure, be- 
tween the fifth and sixth joints, being, however, almost exactly 
equal to the length of the palp to the corresponding place. 
Joint 1 short; joints 2 and 3 about equal in length, and longer 
than joint 1 ; joints 4 and 5 each slightly more than twice as long 
as joint 2 or 3; joint 6 bent backward upon joint 5, and only a 
little more than half as long; joints 7, 8, 9, and 10 grow succes- 
sively smaller, both in length and in diameter; this part (the 
"terminal part") of the oviger is usually somewhat flexed. The 
terminal claw, which constitutes the eleventh joint of the append- 
age, is small and curved. The first four joints are practically 
free from hairs or spines; a few scattered short spines occur on 
joints 5 and 6; joints 7 to 10 are armed with three or four series 
of denticulate spines with deeply incised margins. These spines 
are longer on one side of the joint, and become smaller in each 
of the longitudinal rows as one moves across to the other side 
(PI. 2, Figs. 9 and 10). Each of these joints has in addition 
near its distal end a rather strong simple spine. At the middle 
of the fourth joint is a prominent knob-like protuberance, which 
probably carries the opening of what Dohm ('81, p. 123) calls 
the excretory organ. 

Legs rather stout, somewhat less than twice as long as body 
from anterior end of neck to tip of caudal segment. Coxal joints 
(PI. 2, Fig. 8) all short and broad, the second being a little longer 
than the first and third, which are about equal. The femur and 
first tibial joint are each a little shorter than the three coxal 
joints together, while the second tibial joint is slightly longer than 
the coxal region. Femur broadest, being about a third as long 
as broad; tibial joints narrower. These joints are flattened from 
side to side, so that the ventral margin forms rather a sharp edge. 



*I agree with Dohm ('81, p. 123) that the terminal claw should be counted 
as a joint. 
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First tarsal joint short, squarish, bilobed distally; second tarsal 
joint four to five times as long as broad, its inner (ventral) bor- 
der only slightly curved, the outer (dorsal) somewhat more arched 
(PL 1, Fig. 4). Claw short and rather stout, less than a third 
the length of the second tarsal joint; somewhat curved towards 
the tip; auxiliary claws wanting. The coxal and femoral joints 
are only sparsely armed with short spines, which become longer 
and more numerous on the tibial and tarsal joints, especially long 
bristles (about as long as the breadth of the segments) occurring 
along the dorsal margins of the second tibial and second tarsal 
joints. On the ventral side of the second tibial joint near its dis- 
tal end begin a number of thickly set short spines, which be- 
come more numerous on the tarsal joints and give to them a 
comb-like appearance. No "heel" is developed on the foot. 

A few ova could be distinguished in the femoral joints, and the 
openings of the oviducts could be seen in the usual position on 
the ventral side of the second coxal joints of the second, third, and 
fourth legs, and they were probably present also on the first pair 
although they could not be made out. 

Color in alcohol yellowish or light brown. 



Measurements 




Extent 


14 or 15 mm. 


Length, anterior end of neck to tip of caudal segment 


3.8 mm, 


Length of proboscis 


2.2 mm, 


Length of caudal segment 


1.0 mm. 


Length of cheliforus 


0.33 mm. 


Length of palp 


2.8 mm. 


Length of oviger 


3.5 mm 



/ 
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PLATE 1 

Barana latipes sp. nov., female 

(All figures drawn with Abb6 camera) 

Fio. 1 . — Dorsal view, x 1 2. 

Fio. 2. — View from right side, the legs of that side removed, x 12. 

Fio. 3. — Left chelifonis. x 50. 

Fio. 4. — Foot of second leg of right side, x 60. 
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PLATE 2 

Banara latipes sp. nov., female 
(All figures except Fig. 6 drawn with Abbe camera) 

Fio. 5. — Trunk and proboscis, with right cheliforus, palp, and oviger, as seen 
from below. These appendages have been removed from the left side, x 16. 

Fio. 6. — Proboscis viewed directly from the end. 

Fig. 7. — Caudal segment from above (dorsal view), x 50. 

Fig. 8 — Coxal Joints of second right leg; o, position of external genital opening. 
X 20. 

Fig. 9. — Oviger of left side; v, row of spines shown enlarged in Fig. 10. x 60. 

Fig. 10. — Row of denticulate spines marked x in Fig. 9. x 213. 

Fig. 11.— Palp of left side, x 60. 
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ADDITIONAL NOTES ON BAHAMA SNAKES 
THOMAS BARBOUR 

The specimens which form the basis of this paper are now all 
the property of the Museum of Comparative Zoology at Cam- 
bridge, Mass. 

In December, 1904, a paper^ was published in which a good 
series of lizards but rather few snakes were reported on. Now 
an opportunity is presented to offer notes on about forty speci- 
mens of Ophidians, for last wmter Mr. A. E. Wight collected a 
number of fishes and reptiles during February and March; while 
later Gustav Sabille returned to New York from Nassau with an 
interesting lot of living snakes. These were also purchased and 
advantage has been taken of this opportunity to study the species 
while yet alive. Five examples of the New Providence Island 
Boa from five to perhaps eight feet long have been presented to 
the New York Zoological Society. They are still alive in the 
Reptile House at Bronx Park, where shortly after their arrival 
two specimens simultaneously gave birth to thirty-eight young. 
I regret that I do not know the number in each litter. Mr. R. 
L. Ditmars has also told me that several specimens of Alsophis 
vvdii ate a few Ungualise which were in the same case and have 
refused other food. 

Since the afore-mentioned paper was published, Dr. Leonhard 
Stejneger has published an excellent analysis of the herpetology 
in a volume^ on the Bahamas edited by Dr. Shattuck of Baltimore. 
In general I agree very heartily with Dr. Stejneger's conclusions, 
but doubt whether Typhlops lumbriccdis will ever be found on 
New Providence. I, as well as others, have searched carefully 
for it on this island and have never heard of its occurrence. With 

^Barbour, Thomas. "Batrachia and Reptilia from the Bahamas.'' Bull. 
Mils. Comp. Zodl, vol. 46, no. 3, pp. 55-61. 

^The Bahama Islands. Edited by George Burbank Shattuck. The Geo- 
graphical Society of Baltimore; New York, The Macmillan Co., 1905, xxxii 
+ 630 pp., plates and text figs. 
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far less opportunity to hunt for it carefully I obtained a specimen 
near Marsh Harbor, Abaco, on July 6, 1904. I imagine that 
for some unknown reason this species has skipped New Providence 
in its northward progression, as LiocephaliLS carinatus appears 
to have done, though, to be sure, the species has not yet been 
taken on any island except on Great Abaco. 

For the Northern Bahaman Boa Boulenger's and Stejn^er's 
application of Fischer's name is undoubtedly correct. 

Epicrates striatns Fischer. 

E. strigUatus Cope. Barbour, BvU. Mus, Comp. ZodL, vol. 46, 
p. 59. 

Six specimens just bom, and one considerably older; all New 
Providence Island stock. The very young ones are about 14J 
inches long; the tail takes up 2 J inches of this length. The 
color of these young is considerably lighter than that of adults, 
the opalescence is if anything more marked. One specimen is 
diffusely blotched with white laterally. 

An older specimen measures 28^ inches in total length but part 
of the tail is gone. This example b much darker in color than 
the small ones. The pattern is the broken irregular one which 
is characteristic of the adults of the species. In the very young 
ones, on the other hand, there is a dorsal series of light blotches 
separated by darker; below this laterally there is a light chestnut 
stripe very iridescent; below this again are three darker stripes, 
the uppermost lightest, the middle one darkest. Between these 
are two light bands, the upper one buflSsh, the lower one almost 
white. The bellies are ivory white. 

The natives call this the "fowl snake." The squamation of 
this species is typically so variable that the counts of these speci- 
mens are of no especial interest. 

Ungualia pardalis Gundlach. 

Six specimens, all from New Providence Island. One of these 
is younger than any examined heretofore. 
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In my previous paper the dichromatism of this species was 
mentioned. This is also shown very well among these specimens. 
One about 12^ inches long is almost uniform buflBsh brown above 
with a lateral row of small darker markings. A few dark mark- 
ings are on the gastrosteges, which are yellow. The tail is blackish 
above for one inch, below for less than \ inch. Two other speci- 
mens of about the same size are slaty blue with two dorsal rows 
of squarish darker blotches. Between these pairs of markings 
is a narrow very light band. Two others are brown with a double 
row of dorsal markings. The sixth, and smallest, is 5\ inches 
long. It is slate-colored, the dorsal markings are fused. There 
is a very distinct lateral row of squarish spots and on the gastro- 
steges posteriorly there are two rows of dark spots generally in 
pairs. The distal i inch of the tail is bright yellow with the ex- 
treme tip black. Previously it has been noted that the amount 
of black on the tail seemed correlated with age. The scale counts 
of these specimens are given in the same order as that in which 
they have been mentioned: — 

13 25 23 23 23 23 



Sc. 



152+31' 149+31' 152+30' 157+33' 153 + 31' 153+33 



The natives call these "thunder snakes," because they say 
that they frequently crawl about after severe rain storms. 

This species is most frequently taken among the heaps of 
broken rock which are piled about the trunks of orange trees; 
or under stone walls. I have never seen one above ground. 



Alsophis vndii Cope. 

Twenty-four specimens, all from New Providence Island. 

The largest specimen is 43 inches in total length with the tail 
12 inches long. The smallest is about 21 inches long, with the 
tail nearly one third of the total length. 

The color of this species is vastly more variable than published 
descriptions and material previously examined, had suggested. 
One large one about 40 inches long, has the head and neck mottled 
black and rich reddish brown. There is a black stripe on each 
side of the neck. The color gradually changes until the posterior 
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half of the creature is deep lustrous brown-black. Another 
specimen is brick red above and almost salmon-color below. 
Still another is uniform ashy gray above, marbled with darker 
below. The top of the head is richly puncticulate with black 
and red-brown. There is a dark stripe through the eye, also 
several dark blotches on the neck region above. A number of 
specimens are rich chocolate brown both above and below, often 
with a light-edged dark stripe running through the eye. Several 
examples are brown above and pinkish beneath. The last speci- 
men which I shall mention is dark iron-gray anteriorly, shading 
posteriorly into olive-brown. This one also has a light-edged 
dark stripe through the eye. 

The Cuban specimens of A. angtdifer do not show such varia- 
tion. I can but think that the Bahaman examples are worthy of 
specific distinctness. 

The natives call this "chicken" or "whip snake." I have 
added the scale counts of these individuals thinking that perhaps 
they may be of use for comparison when someone procures a 
large series of the Cuban form. It is remarkable how many of 
the tails are imperfect. 

New Providence Island specimens: — 

17 1^ _ JL7 17 _ 17 17 

170 + 108' 165+ ? ' 109+ ? ' 165 + 104 '167 + 105' 164+ ? 

17 17 17 17 17 17 



169+?' 166 + 107' 159 + 112' 169 + 111' 162+ ? ' 171 + 19 

17 17_ _ 17 17 17 17 

163 + 116' 163 + 101' 165 + 109' 168 + 110' 170+107' 165 + 117 

17 17 17 17 17 17 



165 + 106' 166+?' 164 + 119' 170 + 111' 169 + 113' 162 + 119 

Other specimens in the Museum collection show the following 
scale counts: — 17 17 17 17 

167+7 ' Iro + lOi ' 164 + 1T8 ' 161+ ? 
The four following are from Andros. Island: — 

^7 n _n 17_ 

171 + 121 '166+ ? '161+? ' 164 + 118* 



Digitized by 



Google 



PUBLICATIONS RECEIVED 

(Regular exchanges are not included) 

Alder, J., and Hancock, A. The British Tunicata, an Unfinished Mono- 
graph. Vol. I. London, Ray Society, 1905, 8\o, xvi + 146 + 4 pp., 20 pis. 

— Brooks, W. K. The Oyster. A Popular Summary of a Scientific Study, 
Baltimore, The Johns Hopkins Press, 1905, 12mo, 2d ed., xv + 225 pp., illus. 
$1 .00. — Campbell, D. H. The Structure and Development of Mosses and Ferns 
(Archegoniatce). New York, The Macmillan Co., 1905, 8vo, vii + 657 pp., illns. 
$4.50. — Hantzsch, B. Beitrag zur Kenntnis der VogelweU Islands. Berlin, 
R. Friedlander und Sohn, 1905, 8vo, vi + 341 pp., 26 figs., 1 map. 12 Marks. 

— Herrick, F. H. The Home Life of Wild Birds. A New Method of the 
Study and Photography of Birds. New York and London, G. P. Putnam's 
Sons, 1905, 8vo, xxv + 255 pp., illus. $2.00.— Holder, C. F. Half Hours 
with the Lower Animals. Protozoans, Sponges, Corals, Shells, Insects, and 
Crustaceans. New York, American Book Co., 1905, 12mo., 236 pp., 253 text 
figs. — Kellogg, V. L. American Insects. New York, Henry Holt and Co., 
1905, 8vo, vii + 674 pp., 13 pis., 812 text figs. $5.00.— Lankester, E. R. 
Extinct Animals. New York, Henry Holt and Co., 1905, 8vo, xxiii + 331 pp., 
218 figs. $1.75. — Punnett, R. C. Mendelism. Cambridge, Eng., Mac- 
millan and Bowes, 1905, 16mo., vii + 63 pp. — Ries, H. Economic Geology 
of the United States. New York, The Macmillan Co., 1905, 8vo, xxi + 435 pp., 
25 pis., 97 text figs. $2.60.— Scott, R. F. The Voyage of the 'Discovery.' 
New York, Charles Scribner's Sons; London, Smith, Elder, and Co., 1905, 2 
vols., 8vo, XX + 556, xii + 508 pp., illus. $10.00. — Trouessart, E. L. 
Catalogue Mammdlium tarn Viventium quam Fossilium. Quinquennale Sup- 
plementum (1899-1904). Fasc. 4. Berlin, R. Friedlftnder und Sohn, 1905, 
8vo, pp. i-vii, 753-129. 8 Marks.— Ward, H. M. Trees, a Handbook of 
Forest-botany for the Woodlands and the Laboratory. Vol. III. Flowers and 
Inflorescences. Cambridge Univ. Press, Cambridge, Engl.; New York, Mac- 
millan Co., 1905, sm. 8vo, xii + 402 pp., illus. $1.50. — Viollet, P. Histoire 
du droit civil frangais. Paris, Librairie Soc. du Recueil Gdn., 1905, viii + 1009 
pp. 

Alexander, A. B. Statistics of the Fisheries of the New England States, 
1902. Report U. S. CommW. Fisheries, 1904, App., pp. 245-325.— Alleman- 
det, G. H. Analyses des ^chantillons d'eau de mer recueillis pendant la 
campagne du yacht Pnncesse-Alice en 1604. Bull. Mus. Oc^anogr. de Mo- 
naco, no. 43, 13 pp. — Allen, W. F. The Blood-vascular System of the 
Loricati, the Mail-cheeked Fishes. Proc. Washington Acad. Sci., vol. 7, pp. 
27-157, pis. 1-6. — Arechavaleta, J. Flora Uruguaya. Vol.2. AnalesMus. 
Nac. Montevideo, vol. 2, pp. 161-292, 35 pis. — J. Arechavaleta. Flora 
Uruguaya. Vol. 2. Anales Mus. Nac. Montevideo, vol. 5, pp. 293-375. — 
AsHMEAD, W. H. Additions to the Recorded Hymenopt«rous Fauna of the 
Philippine Islands, with Descriptions of New Species. Proc. U. S. Nat. Mus., 

233 



Digitized by 



Google 



234 THE AMERICAN NATURALIST [Vol. XL 

vol. 28, pp. 957-971. — Ashmead, W. H. New Hymenoptera from the Philip- 
pines. Proc. U. S. Nat. Mua., vol. 29, pp. 107-119.— Ashmead, W. H. New 
Genera and Species of Hymenoptera from the Philippines. Proc. U. S. NcU. 
Mu8., vol. 29, pp. 397-413. — Baker, C. F. Entomological Literature — the 
Bete Noire of the Entomologist. Eniomol. News, 1905, pp. 264-270. — Baker, 
C. F. The Classification of the American Siphonaptera. Proc. U. S. NcU. 
Mu8., vol. 29, pp. 121-170.— Bean, B. A. Notes on an Adult Goblin Shark 
(Mitsukurina owstoni) of Japan. Proc. U. S. Nat. Mus., vol. 28, pp. 815-818, 
2 text figs. — Becker, G. F. Simultaneous Joints. Proc. Washington Acad. 
Sci., vol. 7, pp. 267-275, pi. 12.— Becker, G. F. A Feature of May6n Vol- 
cano. Proc. Washington Acad. Sci., vol. 7, pp. 277-282, pi. 13, 2 text figs.- 
Becker, G. F., and Day, A. L. The Linear Force of Growing Crystals. Proc. 
Washington Acad. Set., vol. 7, pp. 283-288, 1 text fig.— Becker, G. F., and 
Day, a. L. An Interesting Pseudosolid. Proc. Washington Acad. Sci., vol. 
7, pp. 289-299, pi. 14.— Biqelow, H. W. Declinations of Certain North 
Polar Stars determined with the Meridian Circle. Proc. Washington Acad. 
Sci., vol. 7, pp. 189-249. — Braniff, E. A. The Determination of Timber 
Values. U. S. Ihpt. Agric., Yearbook for 1904, pp. 453-460.— Brimley, C. S. 
A Descriptive Catalogue of the Mammals of North Carolina, Exclusive of the 
Cetacea. Joum. Elisha Mitchell Sci. Soc., 1905, 32 pp.— Briogs, E. M. The 
Life History of Case Bearers. 1. Cold Spring Harbor Monographs^ no. 4, 12 
pp., figs., pi. — Capitan, L., bt Papillault, G. L 'identification du cadavre 
de Paul Jones et son autopsie 113 ans apr^ sa mort. Rev. de V Ecole d* An^ 
thropol., vol. 15, pp. 269-273. — Caudell, A. N. On a Collection of Orthoptera 
from Southern Arizona, with Descriptions of New Species. Proc. U. S. Nat. 
Mus., vol. 28, pp. 461-477. — Chevreux, E. Description d'une amphipode 
(Katius obesus, nov. gen. et sp.). BtUl. Mus. Ocianogr. de Monaco, no. 35, 7 
pp. — Chevreux, E. Liste des Scinidse de la " Princesse-A lice " et description 
d'une espdce nouvelle. BuU. Mus. Ocianogr. de Monaco, no. 37, 5 pp. — 
Chittenden, A. K., and Hatt, W. K. The Red Gum with a Discussion of 
the Mechanical Properties of Red Gum Wood. U. S. Dept. Agric., Bur. 
Forestry, bull. 58, 56 pp., 6 pis., 6 text figs.— Clarke, F. W. On Basic Sub- 
stitutions in the Zeolites. Proc. Washington Acad. Sci., vol. 7, pp. 257-266. 

— Cobb, J. N. The Aquatic Resources of the Hawaiian Islands. Section 3. 
The Commercial Fisheries. Bull. U. S. Fish Comm. for 190S, pt. 2, pp. 715- 
765, pis. 102-106. — CoMiiRE, J. De 1 'influence de la composition chimique 
du milieu sur la v^^tation de quelques algues chlorophyc^s. BuU. Soc. Bot. 
de France, ser. 4, vol. 5, pp. 226-241. — Cox, V. O. A Revision of the Cave 
Fishes of North America. Rept. U. S. CommW. Fisheries, 1904, App., pp. 
377-393, pis. 1-6.— Craft, L. R. Progress of Forestry in 1904. U. S. Dept. 
Agric., Yearbook for 1904, App., pp. 588-593, pi. 75.— Cummings, E. R. De- 
velopment of Fenestella. Amer. Joum. Sci., ser. 4, vol. 20, pp. 169-177, pis. 
5-7. — Dall, W. H. Thomas Marty n and the Universal Conchologist. Proc. 
U. S. Nat. Mus., vol. 29, pp. 415-432.— Day, A. L., Allen, E. T., and 
Iddings, J. P« The Isomorphism and Thermal Properties of the Feldspars. 
Carnegie Institution of Washington, 95 pp., 26 pis. — Dimon, A. C. The Mud 
Snail: Nassa obsolete. Cold Spring Harbor Monographs, no. 5, 48 pp., 2 pis. 

— DuvEL, J. W. T. The Storage and Germination of Wild Rice Seed. U, S, 
Dept. Agric., Bur. Plant Ind., bull. 90, pt. 1, 13 pp., 2 pis.- Dyar, H. G. A 



Digitized by 



Google 



No. 471] PUBLICATIONS RECEIVED 235 

Descriptive List of a Collection of Early Stages of Japanese Lepidoptera. 
Proc. U. S. Nat. Mus., vol. 28, pp. 937-956.— Dyar, H. G. New Genera of 
South American Moths. Proc. U. S. Nat. Mtis., vol. 29, pp. 173-178.— 
Dyar, H. G. A List of American Cochlidian Moths, with Descriptions of 
New Genera and Species. Proc. U. S. Nat. Mus., vol. 29, pp. 359-396. — 
EiGENMANN, C. H., AND Ward, D. P. The Gymnotid®. Proc. Washington 
Acad. Set., vol. 7, pp. 159-188, pis. 7-11.— Erwin, A. T. The Cherry Slug. 
la. Exp. Sta., Dept. of Horticulture, bull. 2, 2 pp. — Farrington, O. C. The 
Rodeo Meteorite. Field Columbian Mus., Geol. Ser., vol. 3, pp. 1-6, pis. 1-4. 

— Fisher, W. K. New Starfishes from Deep Water off California and Alaska. 
BuU. U. S. Bur. Fisheries for 1904. vol. 24, pp. 291-320.— Fleming, B. P. 
Irrigation Work on the North Platte River. Wyo, Exp. Sta., bull. 66, 24 
pp. — FoGEL, P. H. Metaphysical Elements in Sociology. Amer. Joum. 
Sociology, vol. 10, pp. 354-530.— Fox, W. H., Hubbard, W. F., and Wiley, 
H. W. The Maple Sugar Industry, with a Discussion of the Adulterations 
of Maple Products. U. S. Dept. Agric, Bur. of Forestry, bull. 59, 56 pp., 8 pb., 
10 text figs. — Furlong, E. L. Preptoceras, a New Ungulate from the Sam- 
uel Cave, California. Univ. of Cal. Publ., Geol., vol. 4, pp. 163-169, pis. 24- 
25. — Gandara, G. Enfermedades del gusano de seda y medios de evitarlas. 
Com. de ParasUol. Agric., circ. 21, 10 pp., 2 pis., 5 text figs. — Gandara, G., 
Y Macias, C. La destruccion de las ratas. Invasion de ratas maiceras en 
la cienega de Zacapu, Michoacan. Com. de Parasxtol. Agric., circ. 22, 44 pp., 
illus. — Gilbert, C. H. The Aquatic Resources of the Hawaiian Islands. 
Section 2. The Deep-sea Fishes. BuU. U. S. Fish Comm. for 1903, pt. 2, pp. 
575-713, pis. 66-101.— Gilbert, C. H., and Thompson, J. C. Notes on the 
Fishes of Puget Sound. Proc. U. S. Nat. Mus., vol. 28, pp. 973-987.— Gill, 
T. The Life History of the Sea-horses (Hippocampids). Proc. U. S. Nat. 
Mus., vol. 28, pp. 805-814, 12 text figs.- Gilmore, C. W. The Mounted 
Skeleton of Triceratops prorsus. Proc. U. S. Nat. Mus., vol. 29, pp. 433-435, 
pis. 1-2. — GiRTY, G. H. The Relations of some Carboniferous Faunas. Proc. 
Washington Acad. Sci., vol. 7, pp. 1-25. — Goeldi, E. A. Os mosquitos no 
Para. Mem. MuseuGoeldi, no. 4, 154 pp., 144 text figs., 5 pis. — Grant, M. 
The Rocky Mountain Goat. Ninth Kept. N. Y. Zool. Soc., 36 pp., illustr. 

— Greene, C. W. Physiological Studies of the Chinook Salmon. Bull. U. 
S. Bur. Fisheries for 1904, vol. 24, pp. 429-456.— Hansen, H. J. Further 
Notes on the Schizopoda. BtUl. Mus. Ocianogr. de Monaco, no. 42, 32 pp. — 
Hay, W. p. The Life History of the Blue Crab (CallinecUs sajndus). Kept. 
U, S. CommW. Fisheries, 1904, App., pp. 395-413, pis. 1-4. — Herrera, A. L. 
Medios para combatir el picudo y el gusano del algodon. Com. Parasitol. 
Agric., circ. 24, 2 pp. — Herrera, A. L. Lintema para coger mariposillas 
cuyos gusanos son muy perjudiciales. Com. Parasitol. Agric., circ. 25, 3 pp., 
1 fig. — Herrera, A. L. Medios de destruccion de los tejones, tlalcoyotes, 
coyotes, tlacuaches, cacomiztles y otros animales camivoros. Com. Parasitol. 
Agric., circ. 26, 3 pp. — Herrera, A. L. Modo de usar el aparato-exter- 
minador de hormigas. Com. Parasitol. Agric., circ. 28, 3 pp. — Herrera, 
A. L. Insectos destructores de los bosques. Com. Parasitol. Agric.. circ. 29, 
3 pp. — Hergesell, H. La situation actuelle et quelques probl^mes futurs 
de la m^t^rologie maritime. BiUl. Mus. Oc/anogr. de Monaco, no. 44, 8 pp. 

— Herty, C. H. Practical Results of the Cup and Gutter System of Tur- 



Digitized by 



Google 



236 THE AMERICAN NATURALIST [Vol. XL 

pentining. U. S. Dept. Agric., Bur. of Forestry, circ. 34, 7 pp., 5 text figs. — 
Jaqubt, M. Description de quelques parties du squelette du Paeudotriacis 
microdon Capello. Bull. Mua. Oc^anogr. de Monaco, no. 36, 28 pp., 8 pis. — 
Jenks, a. E. The Bontoc Igorot. Ethnolog. Surv. Pub,, Philippine Ids., 
vol. 1, 266 pp., 154 pis., 9 text figs. — Johannsen, O. A. Aquatic Nema- 
tocerous Diptera II. New York StcUe Mus., bull. 86, pp. 76-327, pis. 16-37. 
— Jordan, D. S., and Seale, A. List of Fishes collected by Dr. Bashford 
Dean on the Island of Negros, Philippines. Proc. U. S. Nat. Mus., vol. 28, 
pp. 769-803, 20 figs. — Jordan, D. S., and Snyder, J. O. A List of Fishee 
collected in Tahiti by Mr. Henry P. Bowie. Proc. U. S. Nat. Mus., vol. 29, 
pp. 353-357. — JouBiN, L. Cours d 'oc^anographie fond^ k Paris par S. A. 
S. le Prince Albert de Monaco. BuU. Mus. Oc^anogr. de Monaco, no. 45, 185 
pp., 177 figs. — Junqersen, H. Ved Forelseggelsen af to Hefter af Vserket 
om Ingolf-expeditionen. Sasrt. af Overs. K. Danske Vidensk. Selsk. Fork., 
1905, no. 2, pp. 127-135. — Knight, H. G., Hepner, F. E., and Nelson, A. 
Wyoming Forage Plants and their Chemical Composition. — Studies No. 1. 
Wyo. Exp. Sta., bull. 55, 52 pp., 18 figs. — Kraemer, H. The Efficiency of 
Copper Foil in destroying Typhoid and Colon Bacilli in Water. Amer. Medi- 
cine, vol. 9, pp. 275-277. — Kraemer, H. The Use of Copper in destroying 
Typhoid Organisms and the EfTects of Copper on Man. Amer. Joum. Phar- 
macy, vol. 77, pp. 265-281. — Kraemer, H. The Oligodynamic Action of 
Copper Foil on certain Intestinal Organisms. Proc. Amer. Phil. Soc., vol. 49, 
pp. 51-65. — Lambe, L. M. a New Species of Hyracodon (H. pnscidens) 
from the Oligocene of the Cypress Hills, Assiniboia. Fossil Horses of the 
Oligocene of the Cypress Hills, Assiniboia. Trans. Roy. Soc. Canada, ser. 2, 
vol. 11, sec. 4, pp. 37-52, pis. 1-2. — Linton, E. Parasites of Fishes of Beau- 
fort, North Carolina. Bull. U. S. Bur. Fisheries, vol. 24, pp. 321-428, pis. 
1-34. — Linton, E. Notes on Cestode Cysts, T(enia chamissonii, New Species, 
from a Porpoise. Proc. U. S. Nat. Mus., vol. 28, pp. 819-822, pi. 35.— Mac- 
Farlane, R. Notes on Mammals collected and observed in the Northern 
Mackenzie River District, Northwest Territories of Canada, with Remarks 
on Explorers and Explorations of the Far North. Proc. U. S. Nat. Mus., vol. 
28, pp. 673-764, pis. 30-34.— Macias, C. El chahuixtle del trigo. Com. 
Parasitol. Agric., circ. 27, 4 pp. — Marsh, M. C, and Gorham, F. P. The 
Gas Disease in Fishes. Rept. U. S. CommW. Fisheries, 1904, App., pp. 
343-376, pis. 1-3. — Marti, C. The weather forces of the planetary atmos- 
pheres. Nidau, Switz., 29 pp. — Mayo, N. S. La higiene animal. Com. 
Parasitol. Agric., circ. 23, 6 pp. — Meraz, A. Destruccion de las tuzas, 
ardillas de tierra o ardillones y perros de las praderas. Com. Parasitol. Agric., 
circ. 20, 11 pp. — Merrill, G. P. Catalogue of the Type and Figured Speci- 
mens of Fossils, Minerals, Rocks and Ores in the Department of Geologj*. 
United States National Museum. Part 1. — Fossil Invertebrates. Bull. 
U. S. Nat. Mus., no. 53, pt. 1, 704 pp. — Merriam, J. C. A New Sabre-tooth 
from California. Univ. of Cal. Pvbl., GeoL, vol. 4, pp. 171-175. 1 fig. — Mit- 
SUKURI, K. The Cultivation of Marine and Fresh-water Animals in Japan. 
Bull U. S. Bur. Fisheries for 1904, vol. 24. pp. 257-289, pis. 1-11.— Monaco. 
A. de. Sur la campagne de la Princc^se- Alice. Bull. Mus. Ocianogr. de 
Motuwo, no. 39. 5 pp. — Monaco. A. de. Sur les lancements de ballons sondes 
et de ballons pilotes au-dessus des oceans. Btdl. A/us. Ocvanogr. de Monaco, 



Digitized by 



Google 



No. 471] PUBLICATIONS RECEIVED 237 

no. 47, 3 pp. — Needham, J. G., Morton, K. J., and Johannsen, O. A. May 
Flies and Midges of New York. Third Report on Aquatic Insects. New 
York Stale Mus., bull. 86, 352 pp., 37 pis., 18 text figs.— Newland, D. H. 
The Mining and Quany Industry of New York State. New York State MttB.^ 
bull. 93, pp. 909-979.— Oberholber, H. C. Birds collected by Dr. W. L. 
Abbott in the Kilimanjaro Region, East Africa. Proc. U. S. Nat. Mils,, vol. 
28, pp. 823-936. — Perkins, R. C. L. Leaf-hoppers and their Natural Ene- 
mies. (Pt. I. Dryinidse.) (Ft. II. Epipyropid«.) Rep. Exp. Sta. Ha- 
waiian Sugar Planters* Assoc., bull. 1, pts. 1-2, pp. 1-85. — Perkins, R. C. L. 
Leaf-hoppers and their .Natural Enemies. (Pt. III. Stylopidse.) Rep. 
Exp. Sta. Hawaiian Sugar Planters* Assoc., bull. 1, pt. 3, pp. 90-111, pis. 1-4. 

— Reed, F. W. Report on an Examination of a Forest Tract in Western 
North Carolina. U. S. Dept. Agric., Bur. of Forestry, bull. 60, 32 pp., 6 pis.— 
Reid, J. A. The Structure and Genesb of the Comstock Lode. Univ. of 
Cat. Publ, Geol., vol. 4, pp. 177-199. — Richard, J. Campagne scientifique 
du yacht Princesse-Alice en 1904. Obser\'ation8 sur la faune bathyp^agique. 
BtUl. Mus, Ocianogr. de Monaco, no. 41, 30 pp. — Riley, J. H. A New Sub- 
species of Ground Dove from Mona Island, Porto Rico. Proc. U. S. Nat. Mus., 
vol. 29, pp. 171-172.— Roberts, W. A. The Crab Industry of Maryland. 
Rept. U. S. CommW. Fisheries, 1904, App., pp. 415-432.— Rose, J. N. Five 
New Species of Mexican Plants. Proc. U. S. Nat. Mus., vol. 29, pp. 437-439. 

— Rose, J. N. Two New Umbelliferous Plants from the Coastal Plain of 
Georgia. Proc. U. S. Nat. Mus., vol. 29, pp. 441-442, pi. 3.— Rose, J. N., 
AND House, H. D. Descriptions of Three Mexican Violets. Proc. U. S. Nat. 
Mus., vol. 29, pp. 443-444, pi. 4. — Sars, G. O. Liste pr^iminaire des Cal- 
anoides recueillis pendant les campagnes de S. A. S. le Prince Albert de Monaco, 
avec diagnoses des genres et des esp^ces nouvelles. (2e partie.) Bull. Mus. 
Ocianogr. de Monaco, no. 40, 24 pp. — Schaus, W. Descriptions of New 
South American Moths. Proc. U. S. Nat. Mus., vol. 29, pp. 179-345. — Shel- 
don, J. L. A Report on Plant Diseases of the State. W. Va. Agric. Exp. 
Sta., bull. 96, pp. 71-99, illus.— Sheldon, J. L. The EfTect of Different 
Soils on the Development of the Carnation Rust. Bot. Gaz., vol. 40, pp. 225- 
229. — Sinclair, W. J. New or Imperfectly Known Rodents and Ungulates 
from the John Day Series. Univ. of Cat. Publ., Geol., vol. 4, pp. 125-143, pis. 
14-18. — Sinclair, W. J. New Mammalia from the Quaternary Caves of 
California. Univ. of Cal. Publ., Geol., vol. 4, pp. 145-161, pis. 19-23.— Smith, 
H. M. Note regarding the Promotion of Fishery Trade between the United 
States and Japan. Rept. U. S. Comm'r. Fisheries, 1904, PP- 239-243. — 
Snyder, J. O. Notes on the Fishes of the Streams flowing into San Fran- 
cisco Bay, California. Critical Notes on Mylocheilus lateralis and Leuciscus 
caurinus. Rept. U. S. Comm'r. Fisheries, 1904, App., pp. 327-342, pi. 1. — 
Stejneger, L. Description of a New Toad from Cuba. Proc. U. S. Nat. 
Mus., vol. 28, pp. 765-767.— Sterling, E. A. The Attitude of Lumbermen 
toward Forest Fires. U. S. Dept. Agrk., Yearbook for 1904, pp. 133-140, pis. 
1-3. — Stone, G. E. Tomatoes under Glass. Methods of Pruning Tomatoes. 
Hatch Exp. Sta., bull. 105, 40 pp., 8 Bgs.— Stromsten, F. A. A Contribu- 
tion to the Anatomy and Development of the Venous System of Chelonia. 
Amer. Joum. Anal., vol. 4, pp. 453-485, 10 text figs. — Thoulet, M. Cours 
d 'oc^nographie fondd k Paris par S. A. S. le Prince Albert de Monaco. BvJl. 



Digitized by 



Google 



238 THE AMERICAN NATURALIST [Vol. XL 

MuB. Oc^anogr, de Monaco, no. 34, 10 pp. — Thoulet, J. Etalonnage d *une 
lunette colorim^trique marine pour S. A. S. le Prince de Monaco. Bull. Mus, 
Oclanogr. de Monaco, no. 38, 12 pp. — Tinsley, J. D., and Vernon, J. J. 
Soil Moisture Investigations for the Season of 1904. N. M. Coll. Agric. and 
Mech. Arts, Agric. Exp. Sta., bull. 54, 27 pp., 3 pis.— Walcott, C. D. Cam- 
brian Faunas of China. Proc. U. S. Nat. Mus., vol. 29, pp. 1-106.— Walcott, 
C. D. The Cambrian Fauna of India. Proc. Washington Acad. Sci., vol. 7, 
pp. 251-256. — Warren, W. Some New South American Moths. Proc. U. 
S. Nat. Mus., vol. 29, pp. 347-352.— Welborn, W. C. Soil Fertility. PhU- 
ippine Bur. Agric., bull. 6, 13 pp. — Wheeler, H. J. Plant Peculiarities as 
shown by the Influence of Sodium Salts. R. I. Agric. Exp. Sta., bull. 104, 
pp. 49-92, 14 figs. — Wheeler, H. J., and Adams, G. E. Concerning the 
Agricultural Value of Sodium Salts. R. I. Agric. Exp. Sta., bull. 106, pp. 111- 
153. — Wheeler, H. J., Hartwell, B. L., Kelloog, J. W., and Steel, M. 
Conmiercial Feeding-stuffs. R. I. Agric. Exp. Sta., bull. 105, pp. 95-107. — 
Wheeler, H. J., Hartwell, B. L., Wesselb, P. H., and Gray, J. P. Ana- 
lyses of Commercial Fertilizers. R. I. Agric. Exp. Sta., bull. 108, 12 pp. — 
Wilson, C. B. North American Parasitic Copepods belonging to the Family 
Caligidse. Part 1.— The Caliginae. Proc. U. S. Nat. Mus., vol. 28, pp. 479- 
672, pis. 5-19.— Witchell, C. A. The Natural History of Sin. 11 pp. 

Bergen. Bergens Museums Aarbog, 1905. — Bombay. The Theosophic 
Gleaner, vol. 15, no. 1. — Comi8i6n de Parasitologia Agricola. Boletin, 
vol. 2, no. 8, pp. 449-487. — Comi8i6n de Parasitologia Agricola, circ. 8, 
4 pp. — Economic Geology, vol. 1, no. 1. — Entomological Society of 
Toronto. Thirty-fifth Annual Report, 1904, 112 pp., 61 figs.- Essex 
Institute. Annual Report for the year ending May 1, 1905, etc., 67 pp. — 
Ethical Addresses and Ethical Record (Philadelphia), vol. 12, no. 7. — 
Exposition Coloniale de Marseille en 1906. Exposition intemationale 
d 'oc^anographie, des p)6ches maritimes, et des produits de la mer, 24 pp. — 
Forestry and Irrigation, vol. 11, nos. 9, 10. — International Journal 
OF Ethics, vol. 16, no. 1. — Johns Hopkins Hospital. Bulletin, vol. 16, 
nos. 170-175. — Leland Stanford Junior University. Register, 1904- 
1905, 221 pp. — The Literary Digest, vol. 31, no. 6. — Madras. Report 
on the Administration of the Government Museum and Counemara Public 
Library for the Year 1904-1905, 17 pp. — Massachusetts Soc. for Pro- 
moting Agric. Results of Spraying Experiments against Caterpillars of the 
Gypsy and Brown-tail Moths. (Circular.) — Michigan Academy of Sci- 
ences. Bull., vol. 2, no. 1, 8 pp. — Michigan College of Mines. Year- 
book, 1904-1905, 137 pp., 2 maps. — Missouri Botanical Garden. Six- 
teenth Annual Report, 257 pp., pis., 1905. — Le Mois Scientifique, vol. 
7, no. 5. — Montana Agricultural College. Science Studies, Botany, 
vol. 1, nos. 1-3, 139 pp. — Mus6e Oc^anographique de Monaco. Cam- 
pagne scientifique de la Princesse-Alice (1905). Liste des stations. Bull. 46, 
31 pp., map. — The Nature-Study Review, vol. 1, nos. 3-4. — NaturjB 
Novitates, vol. 27, nos. 4-9. — Natural Science Association of Staten 
Island. Proceedings, vol. 9, nos. 13-16. — New York State Museum. 
Twentieth Report of the State Entomologist on Injurious and other Insects 
of the State of New York. Bull. 97, pp. 359-597, pis. 1-10.— La Nuova 
Notarisia, ser. 16, July, Oct., 1905. — Public Lands Commission. [Extracts 



Digitized by 



Google 



No. 471] PUBLICATIONS RECEIVED 239 

from President's Message with Regard to Land Laws.] 14 pp. — Sociedade 
SciENTiFiCA DE Sao Paulo. Revista, no. 1, 1905, 64 pp. — St. Petersburg, 
CoifiTt G^ologique. Explorations g^logiques dans les regions aurif^res 
de la Sibdrie, livr. 6-9, maps. — Smithsonian Institution. Annual Report 

of the Board of Regents, for the Year ending June 30, 1903, xv + 646 

pp., 120 pis. — South London Entomological and Natural History Soci- 
ety. Proceedings, 1904-5, xvi + 104 pp. — U. S. Department of Agricul- 
ture. Forest Preservation and National Prosperity. Forest Service, circ. 
35, 31 pp. — U. S. Department of Agriculture. Terms used in Forestry 
and Logging. Bureau of Forestry y bull. 61, 53 pp., 1 pi. — U. S. National 
Museum. Proceedings, vol. 28, title pages, contents and index, xix + 989- 
1027 pp. — 2k)6LOGiCAL Society of Philadelphia. 33d Annual Report, 
34 pp. 

{No. 470 was issued February 21, 1906) 



Digitized by 



Google 



Digitized by 



Google 



THE 

AMERICAN NATURALIST 

Vol. XL April, 1906 No. 472 

FRESH-WATER COPEPODA OF MASSACHUSETTS 

A. S. PEARSE 

In her excellent review of the Crustacea of New England, Miss 
Rathbun (:05) lists nine species of fresh-water copepods for 
Massachusetts, as follows: — 

? Heterocope sp. Diaptomus leptopus Forbes. 

Cyclops vemalia FiBcher. Cyclops vvridis insectus Forbes. 

Cyclops hicuspidatus Claus. Cyclops aXbidus (Jurine). 

Cyclops semUatus Fischer. Cyclops prasirvus Fischer. 
Cyclops phaleratus Koch. 

As her paper cites the original description of each of these species 
and the authority for its occurrence in Massachusetts, these points 
need not be taken up here. The occurrence of Heterocope in 
America is doubtful and it cannot properly be included on the 
evidence that Cragin ('83 ) offers. 

To the above Ibt I am now able to add the following: — 

Eurytemora affinis Poppe. Epischura massachusettsensis n. sp. 

? Diapiomxis ashlandi Marsh. Diaptomus sanguineus Forbes. 

Diaptomus pygmoeus n. sp. Diaptomus spatiUocrenatus n. sp. 

Cyclops edax Forbes. Cyclops leuckarti Claus. 

Cyclops viridisbrevispinosus Herrick. Cyclops fuscus (Jurine). 
Cyclops hicolor Sars. Cyclops varicans Sars. 

Cyclops fimbriatus poppei Rehberg. 

Canthocamptus illinoisensis Forbes. Canthocamptus staphylinoides Pearse. 
Canthocamptus northumhricus ameri- Canthocamptus minuius Claus. 
canus Herrick. 
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I have also observed all the species in Miss Rathbun's list 
except Heterocope and Cyclops prasiniLS, Eurytemora afjinis has 
never been observed before in America outside the Gulf of Mexico 
(Foster, :04). The previous eastern range of Diaptomus ash- 
landi is Indiana; Diaptomus maasachusettsensis and Dutptomus 
spatidocrenatus are apparently new to science. The ranges of all 
the species of Canthocamptus here listed, are considerably ex- 
tended. The ranges of several species of Cyclops are widened 
somewhat but this is of no very great significance as it is a cos- 
mopolitan genus and all the species have been previously found 
in the United States. 

My thanks are rendered to J. A. Cushman for specimens from 
various stations and for collections from Nantucket Island which 
were made by Mariana Hussey, E. W. Morgan, and S. D. Rich- 
mond. I am also indebted to I. L. Shaw for specimens from 
Brookline, Wellesley, and Randolph. 

The types of the new species here described have been pre- 
sented to the Boston Society of Natural History. 

G^enus Eurytemora Giesbrecht 

Enrsrtemora a£Eini8 Poppe. — This species occurred in a collec- 
tion from Squam Pond, Nantucket Island, made by S. D. Rich- 
mond, June 4, 1905. 

Genus Epischura Forbes 

Epiflchnra massachusettsensiB n. sp. 
This species is described from nine females collected by I. L. 
Shaw at Wellesley, Mass., April 20, 1905. No males were taken 
at that time nor in October when several dredgings were made. 

Description. — Of medium size, cephalo thorax elliptical seen from above, 
broadest about the middle, truncate at anterior end ; six-segmented, first 
segment almost half the cephalothorax and having a suture at its middle ; 
last segment distinct. Abdomen (Fig. 4) symmetrical, slender, five- 
segmented (furca included). First segment very short, second segment 
longest, third segment longer than first but shorter than fourth. Furca 
twice as long as wide, hairy on inner margin, bearing three strong plumose 
terminal setie and a smaller one at both the inner (not plimiose) and outer 
distal angles. Antennae twenty-five-segmented and when reflexed, ex- 
tending to middle of furca. 
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Fio. 1. — Diaptomus pugmcBUS. Dorsal view of female, x 66. 
Fio. 2. — Diapiomus pygmceua. Left fifth foot, female, x 343, 
Fio. 3. — Diapiomus pygmctus. Left fifth foot, male, x 290. 
Fio. 4. — Epischura massachuseUsensis, Abdomen, female, x 65. 
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Fio. 5. — Epischura massackusett' 
$en8i9. Fifth foot, female, x 
155. 



Fifth foot (Fig. 5) uniramose, three 
segmented. First segment about as broad 
as long, slightly tapering toward its free 
end; armed at outer distal angle with a 
slender spine. Second segment two thirds 
as broad as long, slightly longer than pre- 
ceding segment, armed on distal end with 
a sharp spine at outer angle. Third seg- 
ment half as broad as long and one third 
longer than second segment, armed on 
inner margin with three strong acute 
spines which are denticulate on the outer 
side ; at the apex with three strong spines 
(middle one denticulate) the innermost of 
which is longest, being one third the 
length of the segment ; on the outer mar- 
gin at the distal third armed with a small 
strong spine. 

Length of female 2.04-2.81 mm. 



Genus Diaptomus Westwood 

? Diaptomus ashlandi Marsh. — A single specimen, doubtfully 
identified as belonging to this species, was taken at Cambridge, 
May 5, 1905. 

Diaptomus leptopus Forbes.— This species was common from 
the middle of May to the middle of October. Localities: Cam- 
bridge, Medford, Wellesley. 

Diaptomus sanguineus Forbes. — Collected at Wellesley and 
Medford in April and May. 

Diaptomus pygmaeus n. sp. 

Figs. 1-3 

Description. — A rather slender species of small size as the name indi- 
cates. The cephalothorax (Fig. 1) is widest at the middle; first segment 
is thrice the length of the following ones, which are about equal; last two 
segments are confluent above; last segment produced posteriorly and 
armed on each side with a short acute spine. First abdominal segment 
dilated laterally and armed on each side with a minute spine ; secoad seg- 
ment shorter than the third which equals the furca. The furca are two 
thirds as wide as long and hairy on the inner margin. 
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Antennae twenty-five-segmented; in the female reaching beyond tips 
of furcal setse and in the male to the ends of furcal rami. Male right 
antenna not swollen anterior to geniculate joint; antepenultimate seg- 
ment without special armature. 

First basal segment of right fifth foot of male (Fig. 3) slightly longer 
than broad and bearing a tubercle at its outer distal angle which is armed 
with a sharp strong spine. Second basal segment three fourths as broad 
as long; provided with a tubercle bearing three minute spines at- the 
inner distal angle, and the usual hair on the outer margin. First segment 
of the outer ramus is as broad as long and has a ridge projecting on its 
caudal surface near the distal end. Second segment of the outer ramus is 
two and one half times as long as wide and bears a small spine on its 
inner margin ; outer margin has a long spine more than half as long as the 
segment, .which is placed slightly beyond the beginning of its proximal 
third and is denticulate on its inner margin. Terminal hook about 
twice as long as the preceding segment, not strongly tapering ; curved 
somewhat sharply near the center; inner margin denticulate throughout 
its outer three fourths. Inner ramus of right fifth foot, one-segmented ; 
extending well beyond the end of the first segment of the outer ramus ; 
hairy at the distal end on both margins. 

Basal segment of male left fifth foot broader than long; armed with a 
spinous process at its outer distal angle. Second basal segment about as 
broad as long; provided with the usual hair, and roughened at its inner 
distal angle. First segment of the outer ramus longer than preceding 
segment; twice as long as broad; inner surface hairy. Second segment 
hairy on inner proximal surface ; armed with a long finger-like terminal 
process and also with a shorter conical process on the projecting inner 
surface ; the latter is separated from the rest of the segment by a suture. 
Inner ramus one-segmented ; broad at base and strongly tapering ; hairy 
on outer two thirds of inner surface and rough on basal third ; about as 
long as first segment of outer ramus. 

First basal segment of female fifth foot (Fig. 2) produced at the outer 
distal angle. Second basal segment triangular and bearing the usual 
hair on the outer margin. First segment of outer ramus almost twice as 
long as wide; slightly arcuate. Terminal segment about equal to the pre- 
ceding in length ; slightly curved ; denticulate on the middle third of its 
inner margin; armed on the outer side with two spines, the inner of which 
is one third as long as the segment and the outer one somewhat less. The 
inner ramus is longer than the first segment of the outer ramus; acutely 
pointed; hairy on inner surface at the tip; armed with two spines slightly 
more than one half as long as the segment. 

Length: female, 1.0-1.09 mm.; male, 0.97-1.0 nmi. 

This species strongly resembles D. reighardi Msrsh, but differs 
from it in enough points to be easily distinguished. Specimens 
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have been examined from Arlington, Brighton, Cambridge, and 
Wood's Hole, which were taken in June, July, and August. It 
therefore seems probable that this species is common in eastern 
Massachusetts during the summer months. 

Diaptomus spatalocrenatas n. sp. 
Figs. 6-9 

Description. — Cephalothorax robust and 
six-segmented. The first segment is three 
fourths the length of the cephalothorax, shows 
a dorsal transverse groove at about its middle. 
Last two segments indistinct on the dorsal 
surface. Last segment produced posteriorly 
and armed with two sharp spines on each side 
(Fig. 7). Abdomen stout, first segment long- 
er than the remainder of the abdomen; sec- 
ond segment one sixth as long as first and one 
half as long as third. Furcal rami one fourth 
longer than wide; hairy on inner margin. 

Antennae twenty-five-segmented; those of 
the female extending to the tips of the f urea. 

Right antenna of male (Fig. 6) geniculate; 
swollen from the eleventh segment to the 
geniculate joint ; twelfth 
segment armed with a 
strong pointed process 
which is longer than 
the segment is wide; 
ninth and tenth segments 
armed with shorter proc- 
esses; antepenultimate 
segment armed with a 
sharp curved process 
which is a little over half 
Fia. 6.— LHaptomua spattOo- as long as the penulti- 
crena/t«. Right antenna, male, mate segment. 

^ ^* Fifth feet of male (Fig. 

8) characteristic. First basal segment of left foot ^'*^* J/— -^P^f*^ 

'^ 1 r. i. 8p€UuU>cren<Uu8. Left 

reaching almos t to end of first segment of outer side of female showing 

ramus of right fifth foot; as wide as long; armed ^^^ o' cephalothorax. 

on the posterior surface with a long slender spine ^ ^ ' 

at the outer distal angle. Second basal segment two thirds as wide 
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as long, slightly tapering, the usual hair on the outer margin. First seg- 
ment of outer ramus not quite half as wide as long, hairy at the inner distal 
angle. Second segment hairy within, armed at the outer distal angle 
with a strong blunt process which is minutely denticulate on its inner 
margin, and at the inner distal angle with a slender hair which is as long 
as the segment and hairy on the inner margin. Inner ramus two-seg- 
mented, reaching almost to tip of outer ramus; first segment one fifth 





Fio. 8. — Diaptomua apaiulocrenatua. 
Fig. 9. — Diaptomua spaitUocrenatua, 



Fifth feet. male. X 168. 
Right fifth foot, female, x 247. 



as'wide^as long; second segment spatulate, crenate on inner margin, 
covered with minute hairs at tip and on inner and anterior surfaces. 
Right fifth foot of male with first basal segment armed at the distal end 
with a sharp spine ; second basal segment armed with a large tubercle on 
its inner margin at the distal third and the usual hair on the outer margin. 
Inner ramus rudimentary being represented by a blunt curved process 
which does not reach beyond the end of the second basal segment. First 
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segment of outer ramus about as long as second basal segment, over twice 
as wide as long; second segment nearly twice as long as first, armed at 
outer distal angle with a stout hook more than one half as long as the seg- 
ment. Terminal hook stout, tapering, with a sharp curve at about the 
middle, not quite as long as preceding segment, denticulate on inner mar- 
gin beyond the sharp curve. 

Fifth feet of female (Fig. 9) with the first basal segment bearing a very 
large pointed process at the outer distal angle; second basal segment 
armed with the usual marginal hair. Inner ramus one-segmented reach- 
ing beyond the first segment of outer ramus, tips hairy and armed with 
two plumose spines which are more than half as long as the ramus. Outer 
ramus two-segmented; first segment about twice as long as wide; second 
segment one third longer than first, ciu^ed, bluntly pointed, denticulate 
on outer two thirds of inner margin and armed with three spines on the 
outer margin of which the inner one (plumose) is longest and the outer 
one shortest. 

Length: female, 1.47-1.58 mm.; male, 1.30-1.33 mm. 

This species somewhat resembles Diaptomvs lintoni Forbes. 
The specimens upon which the above description is based, were 
collected in Wigwam Pond, Nantucket Island, Mass., May 30, 
1905, by G. D. Richmond. There were three males and two 
females. One of the latter was carrying eggs and both bore 
spermatophores. 

Genus Cyclops O. F. Muller 

Oyclops leuckarti Glaus. — Localities: Cambridge, Middlesex 
Fells. 

Oyclops edaz Forbes. — Localities: Cambridge, Lexington. 

Oyclops viridis insectus Forbes. — The most abundant member 
of this genus in the collections examined. Localities: Arlington, 
Cambridge, Brookline, Middlesex Fells, Nantucket, Waltham, 
Wood's Hole. 

Oyclops viridis brevispinosuB Herrick. — Localities: Cambridge, 
Watertown. 

Oyclops vernalifl Fischer. — Localities: Brookline, Arlington. 

Oyclops bicuspidatufl Claus. — This is a common species. Local- 
ities: Arlington, Cambridge, Middlesex Fells, Nantucket, Wal- 
tham. 

Oyclops fuflcufl (Jurine). — I.<ocalities: Brookline, Middlesex 
Fells, Wellesley. 
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Oyclops albidus (Jurine). — An abundant species. Localities: 
Arlington, Brookline, Cambridge, Nantucket, Watertown, Welles- 
ley. 

Oyclops bicolor Sars. — This species was observed only once at 
Cambridge, on August 6, 1905. 

Oyclops varicans Sars. — Occurred once in a collection made on 
Nantucket Island, May 30, 1905. 

Oyclops sermlatus Fischer. — An abundant species. Localities: 
Arlington, Brookline, Cambridge, Middlesex Fells, Nantucket,. 
Randolph, Watertown, Wellesley. 

Oyclops phaleratus Koch. — Localities: Cambridge, Wellesley. 

Oyclops flmbriatus poppei Rehberg. — Localities: Cambridge,. 
Middlesex Fells, Nantucket. 

G^enus Canthocamptus Westwood 

Oanthocamptus staphylinoides Pearse. — This is an abundant 
species. Localities: Cambridge, Middlesex Fells, Nantucket, 
Reading, Wellesley. 

Oanthocamptus illinoisensis Forbes. — Common in a dredging 
made October 9, 1905, at Wellesley. 

Oanthocamptus minutus Claus. — Localities: Middlesex Fellsy 
Stony Brook. 

Oanthocamptus northumbricus americanus Herrick. — This spe- 
cies occurred in a collection made October 9, 1905, at Wellesley. 
The length of the female was 1.16 mm. which is longer than Her- 
rick ('95 ) gives. In other respects the female was similar to his. 
figures in Plate 29. No males were taken. 
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VARIATIONS IN THE POLLEN GRAIN OF PICEA 
EXCELS A' 

JAMES B. POLLOCK 

Introduction 

While teaching the reproduction of gymnosperms to a class in 
the University of Michigan, the writer observed a very unusual 
structure in a pollen grain of Picea excelsa L. (PI. 1, Fig. 10). The 
structure of this pollen grain was reported at the meeting of the 
Botanists of the Central States, in December, 1901, and the sug- 
gestion was made that possibly the extra cells found at the dorsal 
side of the pollen grain should be interpreted as a prothallium, 
much more highly developed than usual. 

On using some of the same material for other classes it was 
found that the structure in question occurred rather frequently, 
along with other variations in the structure of the pollen grain of 
Picea, so that it was considered of sufficient importance to report 
in the present paper. As will appear later, a further examination 
of numerous pollen grains has led to an interpretation of the obser- 
vation diflFerent from the one suggested above. 

The material was a part of the stock material of the botanical 
laboratory at the University of Michigan, collected May 14, 1884, 
but there was no indication on the label as to who was the collector, 
where it was collected, or of the method of killing the material. 
The condition of the material suggested that it was killed by putting 
it directly into alcohol. In all the grains the protoplasm was con- 
siderably contracted from the walls of the cells, but was otherwise 
well preserved. 

Methods 

In order to make the interior structure of the pollen grains as 
plain as possible, the anthers, which were almost at the stage of 

* Contribution 88 from the Botanical Department of the University of 
Michigan. 
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dehiscence, were allowed to stand in a solution of Kleinenberg's 
haematoxylin for twenty-four hours. They were then washed in 
alcohol and changed very gradually from 96% alcohol to pure 
clove oil. In the clove oil the pollen sacs were broken up and the 
pollen grains set free in the oil. The pollen grains were studied 
by mounting a drop of the oil containing them. It was found that 
the pollen grains stained very unequally, some not having stained 
at all, and others having stained so densely that the interior could 
not be seen. Examination showed that the unstained ones were 
often the most satisfactory objects for study, so no further efforts 
at staining were made. This is the method used in demon- 
strating the interior structure of the pollen grain to large classes,, 
and the author has no claim as the originator of the method. 
When the grain is thoroughly permeated by the clove oil it becomes 
so transparent that the interior can be seen very plainly. 

The contracted condition of the protoplasm of the various cells 
in the interior of the pollen grain made the outlines of these cells 
very plain, and their number easy to determine with certainty in a 
large series of the grains examined. Thus the crudeness of the 
method of killing the material proved a decided advantage in the 
study of it. Another advantage appeared in mounting the pollen 
grains in clove oil, in that the same individual pollen grain could 
be studied from different points of view on causing it to roll over 
by means of pressure on the cover glass. Two views of the same 
pollen grain are shown in Figs. 11 and 12, also in Figs. 13 and 
14 (PI. 1). 

Historical 

The older literature concerning the pollen grain has reference 
to the external characters and structure, and for the internal struc- 
ture there is no need to go farther back than 1834, when von Mohl 
published his work, Ueber den Bau und die Formen der Pollen- 
komer ('34). In this article von Mohl cites the older literature 
on the subject, and figures pollen grains of a few gymnosperms. 
His figures, however, do not show internal structure, and only in 
the work of Fritzsche (1836), do we first find figures which show 
something of the internal structure of the pollen of gymnosperms 
as we now know it. 
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Among numerous species of angiosperms and a few gymno- 
sperms Fritzsche ('36, p. 693) described and figured the pollen 
grains of Pinus aylvestris and Pinus larix (Larix europcea). The 
terms he used for the different cells formed in the pollen grains 
were totally diflFerent from those now in use. He did not regard 
the bodies seen as cells, nor did he have any knowledge of their 
function or homology. His figures show, however, a remarkable 
accuracy of observation, if we take into consideration the state 
of knowledge of his time, and the comparatively poor microscopes 
and crude microscopical methods. He examined the pollen 
grains in oil of lemon (Citronenol), and he undoubtedly saw one 
of the disintegrating prothallial cells in both Pinus sylvestris and 
Larue europwa. His Plate 3, Figure 10, shows this for the former, 
and Figure 14 for the latter. In Larix, besides the disintegrating 
prothallial cell, he showed the cells which were later called the 
"stalk" and "body" cells. The latter, Fritzsche called the cen-^ 
tral vesicle, and the other two cells he called "Zwischenkorper." 

Later investigations have shown that in Larix, and sometimes, 
in Pinus also, there are two prothallial cells cut off which later 
may disintegrate wholly or partly. It is not safe, however, to con- 
clude that these genera vary in the number of prothallial cells 
formed merely because Fritzsche did not see two of them while 
other writers have done so. When we remember the difficulties 
encountered by later observers equipped with much better micro- 
scopes than Fritzsche could have had in 1836, the wonder is that 
he saw so much. 

Meyen ('39) pointed out that Fritzsche's "Zwischenkorper" 
were really cells, and that one of them served as stalk of attach- 
ment to the larger cell. This was probably the first application 
of the term "stalk" to this cell ('39, p. 189). 

For about two decades after this time the literature concerning 
the pollen grain is occupied mostly with evidence for and against 
the view of Schleiden, advanced in 1837, that the embryo has its 
origin in the pollen tube. Schacht ('52, p. 407) went so far as to 
say that the pollen is the egg of the plants, and that there is no real 
analogy between animal and plant fertilization among phanero- 
gams. 

Hugo von Mohl ('55), Hofmeister ('55), and others opposed 
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these views, and it was only when Schacht himself discovered in 
Gladiolus segetum ('58a) a case in which the embryo undoubtedly 
originated in a cell which was in the embryo-sac previous to the 
advent of the pollen tube, that the controversy practically came to 
an end in favor of the views of Hofmeister and von Mohl. 

Schacht ('60) reported variations in the structure of the pollen 
grains of several gymnosperms. On page 143 of the article desig- 
nated he says that the pollen of Cujtressus sempervirens has a 
slightly elongated roundish form, which has divided into two un- 
equal cells when the anther opens. Thuja orierUalis shows the 
same relation, only here oftener than in Cupressus (italics are mine) 
further division takes place in the larger cell. Two of these extra 
di\isions are shown in his Figures 22 and 23, Plate 17. The text 
cited above implies that similar divisions are formed in Cupressus, 
but none are figured. Schacht also found variations in the num- 
ber of cells in pollen grains of Larix europcea, shown in his Figures 
4 and 5. Since Schacht did not understand that one or more of 
the cells first cut off in these pollen grains may disintegrate, it is 
possible that his observations do not really mean a variation in 
the total number of cells formed in Larix, but his figures seem to 
the writer to indicate that he actually observed such a variation 
in Larix europcea. He also states ('60, p. 144) that Abies pedinata 
(Tanne), Picea vulgaris (Fichte) [Picea excelsa L.], and Pinus 
sylvestris (Kiefer) are like Larix in the interior of the pollen grain, 
only in the first two there are almost always three cells, and in the 
latter sometimes only two. No figures are given for these, but it 
seems probable that Schacht really observed variations in the 
number of cells in the pollen of the species named. Schacht was 
probably the first to figure the sperm cells ('58a) though he did not 
understand their function. 

Hofmeister ('62, p. 406) described the structure in the pollen 
of Juniperus, Taxus, and Thuja diflFerently from what it is now 
understood to be, but the apparent variation is probably due to a 
wrong interpretation. 

Juranyi in a preliminary notice in 1870 and in the fuller article 
in 1872, reported a variation in the number of cells found in the 
pollen of Ceratozdmia longifolia Miq. He found that the one- 
celled stage of the pollen grain divided into a large and a small 
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cell, the latter bulging into the former. The smaller cell divides 
again into two unequal cells, the smaller lying against the pollen 
grain wall, the larger one being hemispherical. Most pollen 
grains are ripe at this stage of development, and undergo no further 
changes till the time of fertilization. Often, however, one meets 
a pollen grain which does not remain at this stage of development, 
but goes a step farther in that the hemispherical cell divides once 
more, so that a three-celled body is found in the interior of the 
pollen grain. Juranyi's Figures 3 and 8 of Plate 33 (72) show 
very well what he found. He, as well as Hofmeister, was mis- 
taken as to the divisions of the smaller cells, since later investiga- 
tions have shown that the small cells are cut oflF successively from 
the larger one and that only the last of the smaller cells divides 
when the "stalk" and "body or central" cells are formed. Jur- 
anyi's figure (72, PI. 33, Fig. 8), which shows three small cells, 
may either be an actual variation in the number of cells, or it may 
be a case of premature division into "stalk" and "central" cells. 
No certain conclusion can be reached, but if the division into 
"stalk" and "central" cells is the same in Ceratozamia as Webber 
found in Zamia, then Juranyi's figures of the former do indicate 
a variation in the number of prothallial cells or else a two-celled 
stalk. In 1882, Juranyi reported that he had seen a few cases 
among the Cycadacese in which the small cells could divide parallel 
to the long axis of the prothallium (Vorkeim), and that in Larix 
europcBa he found some pollen grains in which the prothallium 
ended with two cells lying beside each other, and separated by a 
division wall. The upper cell had divided parallel to the long 
axis of the prothallium. In the cases just mentioned in which 
the small cells in some of the Cycadacece divide parallel to the 
long axis of the prothallium, it cannot be questioned that we have 
a case of variation from the normal, both as to the number of cells 
formed, and as to the relation of those cells to each other in space. 
In the cases of Larix europcea in the upper cell there may have 
been an earlier division than usual into the two sperm cells, though 
at the time these observations were made the exact origin of the 
sperm cells was not understood. 

Strasburger, in Die Coniferen und Gnetaceen (72) added much 
to our knowledge of these plants, though some of his observations 
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were inaccurate and his earlier conclusions wrong. Strasburger 
wrongly interpreted the disintegrating cells at the base of the pollen 
grain as mere slits in the wall having an origin similar to that of the 
wings of the grain (72, p. 127). Schacht ('60) had interpreted 
these correctly as also had Meyen ('39). Following Hofmeister's 
suggestion Strasburger said that the cells formed in the interior 
of the pollen grain could only be considered vegetative cells, 
homologous to the prothallium of the fern. He supposed the large 
cell of the pollen grain corresponded to an antheridium, believing 
that it furnished the male gametes. He also thought that the cell 
structure was the same in Pinus, Podocarpus, and Cupressus 
('72, p. 130). Later investigations have shown that no two of 
these are exactly alike. On page 131 Strasburger ('72) remarks 
that the number of cells which are formed by division in the pollen 
grain in Cycads and Coniferse remains constant. It never exceeds 
two, according to his observations. The report of a larger number 
can only be founded on the view that the split in the wall is a disin- 
tegrated cell. 

In a paper published in 1875, Tschistiakoff wrote that where 
there are several small cells, they arise by successive division of 
the large pollen cell as in Larix, or the second cell can divide to 
form two cells as in Ginkgo ('75, p. 100). In Pinus according ta 
Tschistiakoff two, or at the most three small cells arise. The 
one or two first cells arise by a real division of the large pollen 
cell. The small cells may have their whole volume in the intine* 
The third large cell, arching into the pollen grain, arises by divi- 
sion of a small cell. In Abies the third cell forms by free cell 
formation, this divides into two, each of these can divide again, 
and these secondary cells can divide longitudinally or transversely. 
The small cells (Suspensorzellen) can likewise divide. 

Though some of the observations made by TschistiakoflF were 
inaccurate, at least two new truths were presented, even if they 
were not proved, namely, that several small cells were cut off 
successively from the large pollen cell in such grains as those of 
Larix and Pinus, and that the last one of the row of cells formed, 
became the progenitor of spermatozoid mother cells. His article 
also mentions variations in the prothallium of Abies, and in the 
number of cells formed in Thuja, where he says there may be twa 
divisions instead of one, and these may be in different directions* 
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Both of the two truths, presented by Tschistiakoff were either 
denied or ignored by later writers, (Strasburger, 78; '80). While 
Juranyi ('82) admitted Tschistiakoff's view of the origin of the 
small cells, proving it in Cycads, and believing it true for Con- 
iferse, both Juranyi and Strasburger believed the large tube cell 
of the pollen grain furnished the male gametes and therefore 
represented an antheridium, and it was not until Belajeff ('91-'93) 
proved the contrary for Taxus baccaia that the correct view was 
finally established, and generally accepted. Both Belajeff ('91- 
'93) and Strasburger ('92) showed that in the Abietineae also it 
was not the tube cell, but the end cell of the row of interior cells 
formed, from which the male gametes were derived. Strasburger 
('84) had previously admitted that Tschistiakoff's view of the 
origin of the small cells in the pollen was correct, and he had also 
shown that in Larix europwa the third small cell cut off from the 
large pollen cell divided into two cells which he named the "stalk" 
(see Meyen, '39, p. 189) and "body" cells respectively. The 
recognition of the "splits" in the wall of Larix pollen as disin- 
tegrating cells ('84, pp. 2-3) was a confirmation of the earlier 
views of Schacht and Meyen. 

Strasburger ('92) reported some interesting variations in the 
number and arrangement of cells in the pollen of Ginkgo biloba. 
Ordinarily there are three narrow cells and one large one found in 
the ripe pollen grain. Usually the first two of the former are dis- 
organized, but it often happens that two prothallium cells are 
absorbed and yet two permanent ones are found. Also pollen 
grains were repeatedly observed in which there were three perma- 
nent inner cells preceded by one absorbed cell. Finally one grain 
was seen in which all three prothallium cells were permanent, and 
the first of these was divided longitudinally. Also (Strasburger, 
'92, p. 18) the stalk cell of the antheridium appears to divide under 
some circumstances. 

Since 1893 the most important step in the progress of our knowl- 
edge of the pollen of gymnosperms was the discovery of motile 
spermatozoids in 1896 and 1897, by Ikeno ('98) in Cycas, by 
Hirase ('97) in Ginkgo, and by Webber ('97) in Zamia. Webber's 
(:01) observations on Zamia and Ginkgo are interesting from the 
point of view o^ variation in those genera. He did not work out 
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the details of the formation of prothallial cells, but in the species 
of Zamia studied there were always at least two prothallial cells 
cut off at one side and projecting into the grain as in Ceratozamia 
and Macrozamia, and different from Cycas and Ginkgo, where 
the walls are straight across the grain and not arching into it. It 
seemed to Webber, however, that three prothallial cells were 
occasionally formed, and in this case the first one was resorbed 
as described by Strasburger and others in Pinus, Ginkgo, etc., 
remaining as a dark refractive layer in the wall of the pollen grain, 
situated at the point of contact of the other cells. In many in- 
stances in mature grains, and in later stages, during germination, 
no indication of this resorbed prothallial cell can be observed, 
but in some cases it is unmistakable. A careful investigation of 
the development of the pollen in Zamia will have to be made before 
it can be determined whether three prothallial cells are regularly 
formed or whether the remnants of a third cell, occasionally ob- 
served, are to be considered as cases of rare and somewhat abnor- 
mal development. 

Webber (: 01, p. 24) clears up a point in the origin of the stalk 
cell and the central cell (body cell of Strasburger) showing that 
they originate by the division of the inner prothallial cell. Up to 
the time of Webber's full publication this point was quite obscure 
and this brings it in agreement with the facts in other gymnosperms 
investigated, except that the sterile cell bulges strongly into the 
stalk cell and this had led to a wrong interpretation. Webber also 
shows that Ginkgo is probably similar to Zamia on this point, and 
Seward and Gowan (:00, p. 130) show that this is actually the 
case. They also state that in Ginkgo the pollen grain at maturity 
contains a prothallium of from 3 to 5 cells. 

Lang ('97) reports that Stangeria paradoxa has two prothallial 
cells when pollen is shed, but his Figure 18, Plate 22, seems to 
show three. 

An interesting question is suggested by the different results 
observed in two species of the genus Ephedra. Jaccard ('93) 
reported that in E. helvetica at the time of anthesis there were in 
the pollen grain three free nuclei, but not separate cells, and he 
called these nuclei respectively the prothallium nucleus, the gener- 
ative nucleus, and the tube nucleus. Land (:04) in Ephedra 
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irifurca found two persistent prothallial cells, the first cut oflF by a 
wall, the second not so cut oflF, while a third cell which he calls the 
primary spermatogenous cell divides into the stalk and body cells, 
which are not separated by a wall, but have a common membrane 
(not cellulose but plasmic?). At time of anthesis therefore it has 
two prothallial cells, a stalk cell, a body cell, and a tube nucleus. 
Land ( : 04, p. 8) remarks that it is hardly to be expected that two 
prothallial cells will be present in one species and wholly absent 
in another of the same genus. The question, however, cannot be 
settled in this summary manner. Jaccard's observations can be 
set aside only after further examination of the same species he 
studied, and not by the examination of another species. 

Miss Ferguson (:01, PI. 12, Fig. 6) figures pollen grains of 
Pinus strobvs with two prothallial cells, and also with one pro- 
thallial cell (PI. 12, Fig. 8), and in the latter case she labels the 
one cell shown as the second prothallial cell. Of course this is on 
the supposition that the same number of cells is always produced 
in this species, and that in the pollen grain shown in her Figure 8 
the first cell formed had disappeared. The question naturally 
arises, however, whether this may not be a real variation, and the 
prothallial cell shown, be the only one formed in this case. A 
decisive answer of course must rest on further observations. 

Coker ( : 02) has described some interesting variations in Podo- 
carpus. The two prothallial cells do not promptly disintegrate, 
but persist as cells, and the second, and sometimes the first also, 
behaves in a manner hitherto unknown among the Conifers, and 
only paralleled among the Cycads and in Ginkgo. The nuclei 
enlarge and become as conspicuous as the generative nucleus. The 
cytoplasm of the second prothallial cell loses its individuality and 
its nucleus slips from its former position and lies free in the general 
cytoplasm. This nucleus may divide amitotically before libera- 
tion. In such cases the two nuclei generally slip out in different 
directions and place themselves on opposite sides of the generative 
cell (Coker, : 02, PI. 5, Figs. 8, 10). The number of cases in 
which this division occurs is probably as great as the number in 
which it does not occur. Hundreds of cases were found. In not 
a few cases the first prothallial cell liberates its nucleus into the 
general cytoplasm. 
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Amoldi ( : 00) has reported a variation somewhat similar to this 
in Cephalotaxvs fortunei, where he found the tube nucleus dividing 
amitotically, thus showing three free nuclei in the end of the pollen 
tube besides the generative cells. Amoldi actually observed one 
case of division of the tube nucleus. He also reports that the non- 
functional male nucleus may divide amitotically in the upper part 
of the egg. Two tube nuclei were reported by Juranyi (72, PI. 34, 
Figs. 11, 12) in Ceratozamia. Two or more tube nuclei have been 
reported in the angiosperms, (Chamberlain, '97; Fullmer, '99; 
Smith, '98). The last-named author found two tube nuclei in 
half the pollen grains examined in Eichhomia crassipes, 

Juel ( : 04) has found in Cupressus a variation which he seems 
to have discovered for the first time among the gymnosperms. In 
the pollen tube of this geniis he found not merely two sperms, but 
from eight to ten, or even twenty in some cases. Chamberlain 
('97) had found in angiosperms occasionally a pollen grain with 
three sperm nuclei. In the same species, Lilium philadelphicumt 
he also found a number of cases of a prothallial cell cut off at one 
side of the pollen grain. 

Thompson (:05) has reported that in the pollen tube of Arau- 
caria and Agathis there are supernumerary nuclei. His prelim- 
inary note did not disclose their origin. 

Lopriori (:06) shows that in Arancaria bidwellii these super- 
numerary nuclei arise from cells formed in the pollen grain, pri- 
marily by unequal division of the large cell of the pollen grain, 
and the smaller cells thus cut off may themselves divide until there 
are fifteen or more. These cells at first have walls but the walls 
dissolve and the nuclei come to lie free in the pollen tube. Lopriori 
believes these cells are spermatogenous cells and the nuclei derived 
from them male nuclei. The writer does not accept this interpre- 
tation of lopriori and will give reasons for his opinion in con- 
nection with a later discussion. 

Miyake (:03) found in Abies bcdsamea that the second sperm 
nucleus, the tube nucleus, and the stalk nucleus which are left in 
the upper part of the egg after fertilization, may all divide, or at- 
tempt to divide, before they disintegrate. He says that the divi- 
sion figures are more or less abortive or abnormal, hence the 
divisions are apparently mitotic ones. This author saw one case 
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of "double fertilization," in which the second sperm nucleus 
united with a secondary segmentation nucleus of the fertilized 

If one could always rely on the observations reported in the 
literature, the conclusion would have to be drawn that in other 
gymnosperms- than Cupressus and possibly the Araucarineae there 
were variations in the number of male cells. Tschistiakoff sup- 
posed that there might be numerous spermatozoid mother cells 
formed and Strasburger ('80, p. 49) writing of Juniperus virginiana 
states that one of the two primordial cells found at the tip of the 
pollen tube, divides into two, and often into two more, and these 
are used for fertilization. At a later date, however, the same 
author states ('92, p. 32) that in all the cases he has had oppor- 
tunity to study exactly, the generative (primordial) cell of gymno- 
sperms divides into two sister cells. Both are generative and even 
in the Cupressinefie both are called to perform a sexual function 
(p. 33). In the Abietineae a difference in size between the cells 
makes its appearance, and finally in Taxus a very unequal division 
of the generative cell takes place, and only the larger sister cell 
functions in fertilization. Since that statement was written by 
Strasburger, numerous writers all report only two male cells from 
each pollen grain, and we must conclude that the earlier observa- 
tions were not correct as to the larger number; so that Cupressus 
stands alone among the gymnosperms in forming numerous sperm 
cells, unless the supernumerary nuclei reported in the pollen tube 
of Araucarineae by Thompson (:05) and Lopriori should prove 
to be sperm cells, as Lopriori believes or else this variation among 
the gymnosperms has been generally overlooked. The variation 
in the size of the male cells formed is common. 

In a recent work on the gymnosperms, in fact the only one in 
which an adequate discussion of the group is given from the modem 
point of view (Coulter and Chamberlain, : 03) a variation is noted 
in the Cycadaceae and Ginkgo, as compared with other gymno- 
sperms, in the relative position of the "stalk" and "body" cells. 
They are said to stand side by side, instead of dorsiventrally as 
they do in the other gymnosperms. These descriptions (pp. 25, 
42) are evidently based on the descriptions and figures of Hirase 
for Ginkgo, and of Ikeno for Cycas. If Webber's completed 



Digitized by 



Google 



264 THE AMERICAN NATURALIST [Vol. XL 

work on Zamia (: 01) had appeared somewhat sooner the descrip- 
tions as to Ginkgo would necessarily have been diflFerent in the 
above-mentioned work. Webber shows very conclusively that 
in Zamia, and in all probability in Ginkgo also, the division inta 
stalk and central cell (body cell) does not leave those cells side by 
side, but in the position found in the other groups of gymnosperms. 
The bulging of the last vegetative prothallial cell into the stalk 
cell probably led to a wrong interpretation of the earlier obser- 
vations. Webber pointed out that the work of Ikeno and Hirase 
was obscure on this point, and that before it can be certainly con- 
cluded that any Cycad divides so as to bring the stalk and body 
cell side by side, except as an unusual variation, the figures show- 
ing the stages of development must be more convincing than those 
now available. 

Lawson (:04) found a variation in the behavior of the nuclei 
and cells in the pollen grain of Cryptomeria japonicay as compared 
with other gymnosperms which have the same number of nuclei. 
The primary spermatogenous nucleus is free in the cytoplasm of 
the pollen grain and not separated from the tube nucleus by any 
membrane, except for a short time, and even then the membrane 
is so difficult to distinguish that it almost escaped the observation 
of the author. 

Variations in the pollen grain of several gymnosperms have been 
reported in the Botanical Gazette by Coker ( : 04a) one of which is 
much like some of those found in Picea excelsa by the present 
writer. Coker's Figure 7 of Larix europwa is similar to my Fig- 
ure 8. His Figure 6 is merely an earlier stage of the same thing. 
His Figure 8 of Larix europcea and Figure 4 of Cupre^sus semper- 
virens show a condition that is like that found by Lawson in 
Cryptomeria japonica, Coker's Figure 9 of Larix europcea shows 
the last division wall in the pollen grain straight across, as is usual 
in Cycas, instead of the strongly bulging wall that is usual in Larix. 
Coker merely reports these as abnormal grains, apparently not 
attaching any significance to them. It seems to the writer that 
they are of some significance, at least as indicating the limits of 
variation in the different genera and species of gymnosperms, and 
when our knowledge of these variations is more complete they 
may be of some assistance in determining whether or not the struc- 
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ture of the pollen grain in gymnospenns is at the present time in a 
state of stable equilibrium or in a process of retrogressive modifi- 
cation. Coker's Figures 6 and 7 will be further noticed in con- 
nection with some of mine. 



PiCEA EXCEU8A 

In presenting my own observations I have considered it desir- 
able to illustrate rather fully the different variations found in the 
pollen grains of Picea excelsa L., and these illustrations show a 
surprising range in the variation in internal structure of the pollen. 
One fact that seemed especially significant was that so few pollen 
grains could be found showing satisfactorily what has been called 
the "normal*' structure, that is showing tvx) disintegrating pro- 
thallial cells. For the larger number of pollen grains showed 
only one such disintegrating cell without a trace of a second, even 
as a split in the wall of the pollen grain. In order to get at the 
proportion of those which showed only one disintegrating pro- 
thallial cell, 466 pollen grains were counted. Only those were 
counted which lay in the position most favorable to the necessary 
observation, that is, the side view as shown in Figs- 1-6 (PI. 1). 
No pollen grain was counted unless its internal structure seemed 
reasonably clear. Of the total of 466 grains counted, 310 or 66.5 % 
showed only one disintegrating prothallial cell with no trace of 
another even as a split in the wall; 73 or 15.7% showed more or 
less plainly two disintegrating prothallial cells; 18 or 3.8% showed 
no disintegrating cells; 65 or 13.9% were doubtful as to whether 
they had one or two disintegrating cells. Even if all the doubtful 
ones are counted as "normal" the percentage of those grains which 
showed only one prothallial cell is still more than twice as great 
as the "normal." Of course it may be said that in those grains 
in which only one prothallial cell showed, the one first formed had 
completely disappeared. But if it is not to be seen, what evidence 
is there that it was ever formed ? Two reasons may perhaps be 
given for believing in its formation and disappearance. First, 
in many cases in which two prothallial cells may be recognized 
the one first formed is barely recognizable as a mere slit in the wall 
of the pollen grain, and it is probable that in some cases the cell 
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disappears so completely as not to be recognizable at all. Second, 
it is said that the pollen grain of Picea always forms "normally" 
two prothallial cells which disintegrate more or less, hence when 
only one is found the other must have disappeared. Some va- 
lidity must of course be granted to the first reason given. It is 
probably true in some cases, but it is absolutely impossible to 
prove its truth in a given case, hence the number of cases in which 
it is true is purely a matter of conjecture. As to the second reason 
given, it is a conclusion based on observation, and cannot be used 
to prove the correctness of the observations upon which it rests. 
Back of it lies the assumption that the "normal" is invariable, 
an assumption which is far from the truth. Even if some pollen 
grains of Picea have been shown to form two disintegrating pro- 
thallial cells, it does not at all follow that they do so invariably. 

Fig. 4 (PI. 1) shows a pollen grain in which there were undoubt- 
■edly three disintegrating prothallial cells. All of them were per- 
sistent, and separate from each other, and from the antheridium 
part of the pollen grain, so that there was no diflBculty in recog- 
nizing the number certainly. This grain was at the stage pre- 
ceding the division which separates the stalk and the central cell. 
The third disintegrating cell cannot be interpreted as a stalk cell, 
first, because it so closely resembles the other disintegrating pro- 
thallial cells in size and appearance, and second, because it is so 
■completely separated from the dome-shaped cell to which it would 
be closely attached if it were a stalk cell. 

Fig. 6 (PI. 1) shows a variation in the position of the prothallial 
cells, though their number is "normal," that is, two. In Fig. 6 
(PI. 1) there is a variation in both the number and the position. 
Three pollen grains were seen like Fig. 5, but only one like Fig. 6. 
The latter shows without any doubt whatever a case of three 
prothallial cells in addition to the stalk cell, central cell, and large 
•cell that forms the pollen tube. If Fig. 4 has been correctly inter- 
preted, it and Fig. 6 furnish direfct proof that the number of pro- 
thallial cells in Picea may vary from what has been called the nor- 
mal in the direction of a greater number and it seems much more 
probable that they would also vary in the direction of a smaller 
number, since so many of the gymnosperms, as Thuja and Juni- 
perus, have no vegetative prothallial cell. 
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Fig. 2 (PI. 1) also seems to show three prothallial cells, one with 
no protoplasm, and two with very little. In this case the walls of 
the cells had persisted after the protoplasm had almost or entirely 
disappeared, and so far as appearance was concerned seemed to be 
like the inner layer of the pollen grain wall and continuous with it. 
Usually, however, these cells do not show so persistent and evident 
a membrane. Fig. 1 has the number regarded as the normal for 
Picea. In this case also the membrane persisted after the proto- 
plasm was entirely gone in the first one formed, showing that the 
membranes were not plasmic, but in all probability of cellulose. 
No microchemical tests were made on them. Fig. 1 shows a 
distinct separation of the protoplasm of the central cell from that 
of the large. tube cell. This separation was the result of plas- 
molysis, probably due to the killing fluid. The boundary of this 
cell, however, appeared to be only a plasmic membrane. At least 
it was exceedingly thin and closely applied to the surface of the 
protoplasm. 

Fig. 3 (PI. 1) shows the typical arrangement of cells, with two 
prothallial cells, but between the main part of the pollen grain 
and the wings there are two spaces cut off by cellulose walls, con- 
taining no trace of protoplasm. The writer was unable to decide 
whether these should be considered as cells or not. They seemed 
to bear no definite relation to the main part of the pollen grain. 
In this grain the membrane surrounding the central cell, and con- 
tinued around the stalk cell, plainly projected beyond the limits 
of the protoplasm where it had been pulled away from the wall of 
the pollen grain by plasmolysis. This membrane was very much 
thinner than the inner cellulose layer of the wall of the pollen grain ^ 
but if it was only a plasmic membrane it was at least much firmer 
than the protoplasm which it bounded, and from which it was 
partly separated by plasmolysis. 

There is shown in Fig. 7 (PI. 1) a variation somewhat different 
from those already discussed. Only one disintegrating pro- 
thallial cell is apparent, but projecting into the tube cell of the 
pollen grain is a row of three cells of approximately equal size 
and structure except that the innermost one of the row is dome- 
shaped while the others are flattened against the adjacent cells. 
These three cells have equally large, prominent, and well preserved 



Digitized by 



Google 



Ko. 472] POLLEN GRAIN VARIATION 269 

nuclei, and apparently either the stalk cell or the central cell of the 
typical pollen grain has in this case divided again. There was no 
indication as to which of the two furnished tl^ third cell found here. 
Another interpretation of this pollen grain is possible. The outer- 
most of the three almost equal cells might be regarded as the second 
prothallial cell. The writer does not accept this interpretation of 
that cell because of its large size, its prominent and well preserved 
nucleus, and its close connection with and general resemblance to 
the adjacent cell. 

A very different type of variation is illustrated in Fig. 8 (PI. 1). 
Here the pollen grain, while having the typical form externally, is 
divided into two equal portions by a wall perpendicular to the long 
axis of the grain. This wall was very plain where it joined the 
outer wall of the grain, but where the protoplasm lay against it 
on both sides it could not be recognized certainly, and it was 
represented in the drawing only where is was unmistakable. Its 
position is probably indicated by the cleft in the protoplasm which 
throws five cells on one side and three on the other. This gives 
the typical form and arrangement of cells with two prothallial cells 
on one side, while on the other side of the dividing wall no pro- 
thallial cells are formed, and the three cells present apparently 
represent a stalk cell, a central cell, and a tube cell. The writer 
believes this difference in the two halves to be of some importance 
in relation to the variation in number of prothallial cells. If the 
number of those that disintegrate is invariably two for each pollen 
grain, which ordinarily has one antheridium, in this double grain 
where there are two antheridia, there ought to be two disintegrating 
cells for each antheridium. If it be supposed that one set of two 
prothallial cells serves as the basis of two antheridia, variation 
from this arrangement and number of prothallial cells is found in 
other grains of this same type, containing two antheridia. Fig. 9 
shows a grain with the two antheridia in different positions in their 
respective portions, and each has only one disintegrating pro- 
thallial cell visible. Thirty-two grains of this double type were 
studied in more or less detail. In most of them the two anther- 
idia were placed as in Fig. 8. There was much variation in the 
number of the prothallial cells connected to the various anther- 
idia. Put in the simplest form and using the single antheridium 
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instead of the double pollen grain as the basis of comparison 
the following table shows the amount of variation. 

Total No. 
2 Pr. 1 Pr. No Pr. Cells Total PoUen 

Cells Cells Cells Uncertain Antheridia Grains 

No. of antheridia 4 24 18 18 64 32 

In the group marked uncertain, the uncertainty was sometimes 
due to inability to recognize clearly the total number of cells 
present, and in other cases the position of the wall di\iding the 
pollen grain was uncertain where it ran between the disintegrating 
prothallial cells. Only one sixteenth of this lot of antheridia shows 
what has been called the normal number of prothallial cells. Of 
even more importance than this fact is the further one that in no 
case did both the antheridia in the same double grain have twa 
prothallial cells, as should have been the case if two is the normal 
number. There were several cases in which the numbers for the 
two antheridia were respectively 2 and 1, 2 and 0, 1 and 1, 1 and 0, 
and 0. In those cases in which there were two prothallial cells 
in one part, and one or none in the other part of the double grain,, 
it cannot be argued that some had disappeared by disintegration, 
because the two parts of a double grain are usually at about the 
same stage of development, and there is no reason to suppose that 
two cells should so completely disappear in one part, atid none in 
the other. At least some cases should have been found in which 
both parts of the double grain had two prothallial cells, and most 
of the double grains should have shown the same number of pro- 
thallial cells on the two sides of the dividing wall. Since neither 
of these conditions was found to exist in the grains examined, and 
in the light of other facts reported in earlier paragraphs of this 
article, the writer feels justified in drawing the following con- 
clusions: — 

1. The number of disintegrating prothallial cells in the pollen 
grain of Picea excelsa L. is not invariably two, and when a grain 
is found which shows only one such cell it is not necessarily the 
second prothallial cell and should not be so named. At the most 
it can only be said that it is uncertain whether the case is one in 
which a prothallial cell has completely disappeared, or whether 
it is a case of normal variation. 
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2. The number of vegetative prothallial cells certainly varies 
from one to three, though the latter number is rare. It may also 
happen that there are none at all. This condition is comparable 
with that found in those gymnosperms which typically produce 
no prothallial cell, as Juniperus, Taxus, and others. In Picea it 
was found in 3.8 % of the pollen grains that contained only one 
antheridium. 

3. The prothallial cells may vary in position as well as in num« 
ber. The usual arrangement is dorsiventral, forming a single 
continuous row with the stalk and central cells, but two prothallial 
cells may be placed laterally in relation to each other instead of 
dorsiventrally, and in case of three cells the arrangement may be 
partly lateral and partly dorsiventral (PI. 1, Figs. 5, 6). 

4. In very rare cases the variation in number may extend to 
that part of the row of cells which usually is composed of the stalk 
cell and the central cell. An extra cell may be formed at this point 
perhaps by division from the central cell. The stalk is then two 
cells high. 

6. The number of prothallial cells formed in the majority of 
pollen grains would seem to be one, if the results obtained in count- 
ing are to be fully relied upon, since 66.5 % of them showed but 
one prothallial cell as against 15.7 % which showed two. This 
difference is probably greater than it should be, since it cannot 
be denied that one cell Tnay have disappeared in some of those 
grains which showed only one. 

6. The membranes of the prothallial cells sometimes persist 
after the complete disappearance of the protoplasm, hence they can- 
not be plasmic, but are probably cellulose. In other cases there 
is no trace of cellulose walls. 

Coker (:04a) interpreted his double pollen grains of Larix shown 
in his Figures 6 and 7, as having been formed by one instead of 
two divisions of the pollen mother-cell, and the daughter cells 
having been retained within the mother-cell wall. In the pollen 
grains of Picea studied by the writer this interpretation seems very 
improbable, first, because no trace of the mother-cell wall was ob- 
served around the pollen grain; second, because of the fact that 
the ** wings" of the pollen grain were always present, and always 
typical in number and arrangement. If these double grains were 
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contained in a pollen mofher-cell, the pollen mother-cell wall was 
cuticularized and expanded into two wings. No indications of 
this condition were observed. 

A pollen grain with a very different appearance from that of any 
yet described is represented in Fig. 10 (PI. 1), which is a drawing 
of the pollen grain whose discovery led to the observations recorded 
in this article. In this grain we have the typical tube cell, central 
cell, stalk cell, and what seem to be two disintegrating prothallial 
cells, but in addition we find lying along the dorsal wall of the pol- 
len grain a row of four rather prominent cells, each with a nucleus. 
These cells appear to be of unequal size and of somewhat different 
shapes. They are separated from the rest of the pollen grain by 
A wall which was continuous with the inner layer of the wall of the 
grain, and which appeared just like it in structure. The presence 
of this wall was made evident by the contracted state of the proto- 
plasm adjacent to it. 

The structure of this grain was reported at the meeting of botan- 
ists mentioned above, and it was suggested that possibly the four 
cells represented a prothallium or gametophyte of a much larger 
size than usual, and the pollen grain showed a reversion to an ear- 
lier type of structure. At that time the writer saw no way of deter- 
mining definitely whether that was the correct interpretation of 
the structure discovered. In succeeding years, it was found that 
the class material from which that pollen grain came also contained 
numerous others. similar to it as well as the variations of the differ- 
ent kinds that are reported in this article. 

After studying a number of grains of this same type the thought 
occurred that perhaps a clue to the meaning of the unusual structure 
* might be obtained if the same grains could be studied from the dor- 
sal as well as from the lateral view. Since the pollen grains were 
mounted in clove oil, this could be done, by causing them to roll 
over while observing them under the microscope. By repeated 
trials it was found possible to study some of these abnormal grains 
from all possible points of view, dorsal, ventral, lateral, and end 
views. The dorsal and lateral views were the most important. 

A total of 22 grains of this structure was studied, and many of 
them were drawn in two or more views for purposes of compari- 
son. Figs. 11 and 12 (PI. 1) are respectively the lateral and dorsal 
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views of the same pollen grain, and Figs. 13 and 14 (PI. 1) are the 
<x)rresponding views of another grain. A study of the structure 
shown in Figs. 12 and 14 as well as others more or less similar to 
them finally suggested what the writer believes is the correct inter- 
pretation of the extra cells along the dorsal wall of pollen grains 
as shown in Figs. 10, 11, and 13. In Fig. 12 it will be noticed at 
once that the cells labeled a and b are like the stalk and central 
cell in a typical pollen grain, while cell c has the same relation to 
the others as a tube cell, and cell d has no corresponding part in 
the typical pollen grain. No cells appear to correspond to the 
prothallial cells in the typical grain. In Fig. 14 the correspond- 
ence to the typical pollen grain is less clear than in Fig. 12. Never- 
theless there is a distinct suggestion of a similar structure. In 
short, a study of the dorsal view of as many of these grains as possi- 
ble led to the conclusion that grains of this type are not so very 
different from the type shown in Fig. 8. They are double pollen 
grains, but the division wall, instead of running from dorsal to 
ventral side and dividing the grain into two equal parts, divides 
it into two very unequal parts, and cuts off the smaller portion along 
the dorsal wall. This interpretation was made more certain on 
looking over all the rough drawings made during the study, when 
it was found that there was a very complete series of transitional 
stages between the structure shown in Fig. 8 and that in Fig. 12. 
In these transitional stages the division wall ran from some point 
on the dorsal side obliquely toward one of the wings. Fig. 9 is an 
example of one of these transitional stages, and Fig. 15 is a diagram 
of what was seen in a dorsal view of a pollen grain with an oblique 
division wall. The dotted line ocy is presumably the line of junction 
of the oblique division wall with the dorsal wall of the grain. This 
was of course not plain, owing to the oblique position of the reced- 
ing wall. Cell a bulges into cells b and c like the cell which divides 
to form the stalk and central cell. Cells b and c taken together 
represent the tube cell. If, as is generally supposed, the tube cell 
represents an antheridium wall, then we have here a case where 
the antheridium wall is two-celled, a very unusual thing among 
the gymnosperms. One other case was observed almost exactly 
like this one, except for a slightly different position of the wall 
separating cells b and c. It is just possible that the two tube 
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nuclei found" by. Juranyi (72) in the young pollen tube of Cerato- 
zamia longifolia and by Amoldi (:00) in Cephalotaoms fortunei 
represent two cells in the antheridium wall or tube cell of the pollen 
grain^ but that interpretation can hardly be insisted upon veiy 
strongly on the evidence now available. 

In the case of the two or more tube nuclei in the pollen tube 
of angiosperms, the above interpretation ought to be considered, 
but here there will be even more hesitation over its acceptance 
than in the gymnosperms. 

As regards the large number of nuclei found in the pollen tube 
of Agathis and Araucaria, Lopriori concludes that in Araucaria 
hidweUii they are male nuclei, and that the cell-complex which is 
formed in the pollen tube, and from which they are derived, is a 
spermatogenous cell-complex. Lopriori's conclusion is evidently 
much influenced by Juel's discovery of the numerous male cells 
in Cupressus. The present writer cannot accept Lopriori 's con- 
clusion until there is direct evidence that the nuclei in question 
do actually function in fertilization. The reasons for rejecting- 
the conclusion at the present time are these: — 

1. The cell-complex]^from which the nuclei are derived is formed 
in the pollen grain and not in the pollen tube as Juel found in 
Cupresstis goweniana. 

2. It is formed, not from a single generative cell, but primarily 
by the successive unequal divisions of the large cell of the pollen 
grain, though secondarily the small cells^thus formed may them- 
selves divide in different directions. 

These reasons seem sufBcient to show that the cell-complex is 
not spermatogenous in its nature, but that it is the vegetative part 
of a male gametophyte, and as such is exactly the condition which 
the present writer thought he had found when he first saw the 
pollen grain of Pieea represented in Fig. 10 (PI. 1). Though this 
interpretation proved to be wrong for Picea, Thompson and Lopri- 
ori have probably discovered in the Araucarinefie a group of gymno- 
sperms which have the multicellular male gametophyte, and in 
this particular at least they show the most primitive condition of 
any of the gymnosperms. 

It is to be hoped that these investigators will follow out the full 
life history of all the cells and nuclei found in the pollen grain and 
tube of the Araucarineae. 
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In a recent short review of Lopriori's paper, C. J. Chamberlain 
also rejects that writer's conclusion that the numerous nuclei are 
male nuclei, but he gives no reasons therefor except /'judging 
by his figures." 

The structure in Fig. 16 (PI. 1) requires little discussion. It 
represents one of the somewhat irregular variations in a double 
grain, but the portion marked a seems to consist of a mass of pro- 
toplasm completely cut off from the rest, and contains no trace of 
a nucleus. In order to determine the frequency with which the 
variation of the double pollen grain occurred, a count was under- 
taken. Fresh drops of clove oil containing the pollen grains were 
mounted and all the grains on the slide were systematically counted. 
A separate list was made of all the grains that were double, both 
those like Fig. 10 and like Fig. 8 and also the ones intermediate 
between these two. The total number counted was 1120. Of 
these there were 27, or 2.4 % which showed the double character 
more or less plainly. This was a much higher percentage than 
was expected, but there is no reason to think a mistake was made 
in the counting. Indeed it is more probable that some of the 
double grains may have been overlooked. If any of them lay in 
the position with the dorsal or ventral side toward the observer 
they would almost certainly have been overlooked since in that 
position their double nature is very difficult to recognize. The 
proportion among those that were counted did not impress the 
observer as being any greater than the proportion among the 
hundreds that were not counted but were looked over in making 
the study of the variations found. 

As a result of the study of the type of variation shown in Figs. 
10-14, the following additional conclusions may be drawn: — 

1. The three or four cells lying along the dorsal side of the pol- 
len grain of this type do not constitute a prothallium or game- 
tophyte of unusual size, an interpretation which the writer at one 
time thought a possibility. 

2. They constitute the smaller portion of a pollen grain sepa- 
rated by a division wall into two very unequal portions, each of 
which may form a more or less typical antheridium. 

3. The cells of the larger part of such a pollen grain are similar 
to the cells in a typical single pollen grain, and cases were observed 
in which the number of prothallial cells visible was 2, 1, and 0. 
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4. In the smaller portion of such a double pollen grain there is 
more variation in the size, number, and arrangement of cells, but 
generally there is a distinct resemblance to the typical antheridium. 
In several cases the similarity was striking and unmistakable. 

5. In two cases where a cell which is like the one that divides 
into the stalk and central cell, was plainly marked, the rest of that 
portion of the pollen grain, which corresponds to the tube cell or 
antheridium wall, was divided into two cells by an anticlinal wall, 
that is, the antheridium wall was two celled (PI. 1, Fig. 15). 

6. In the material examined the proportion of double pollen 
grains was found to be 2.4 % in a count of 1120. 

Writers who feel justified in labeling a single prothallial cell as 
the second one, may be inclined to reject some of the conclusions 
reached in this article, especially the conclusion that a majority 
of pollen grains in Picea excelsa form only one prothallial cell 
(p. 271) on the ground that so much of the material studied was 
abnormal. It has already been admitted that there is room for 
argument as to the number of pollen grains in which only one 
prothallial cell is formed, and the point at issue is really the deter- 
mination of what is the normal number, or to state it more clearly 
perhaps, the problem is to determine the limits of variation in the 
number of cells in the pollen grains of Picea, and the relative 
frequency of the different numbers. Stated in that form, it is 
apparent that the abnormal, which is only the less frequent, is as 
much a part of the problem as the normal. The abnormal is 
only normal variation. Hence conclusions cannot be rejected 
because based on observation of abnormal structures. 

After consideration of both the historical and original parts of 
this article it is obvious that variation in the number and arrange- 
ment of the cells found in the pollen grain and pollen tube is 
widespread among the families, genera, and species of gymno- 
sperms. They occur in those species which usually have no dis- 
integrating prothallial cells, as well as in those which have one or 
more such cells. These variations cannot be dismissed with the 
statement that they are abnormal, since the abnormal is only the 
less frequent modification. It seems to the writer that they may 
have a significance beyond the mere fact that the individual 
species vary. 
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A comparison between angiosperms and gymnosperms as re- 
gards the structure of the pollen grain recalls the well known 
difference. The essential structure of the pollen is much more 
uniform among the angiosperms, showing a spermatogenous cell 
usually free within the larger tube-forming cell, the whole structure 
to be regarded as probably a gametophyte reduced to an antheri- 
dium, the tube cell forming the antheridium wall, and generally 
there are no prothallial cells. Among the gymnosperms the struc- 
ture of the pollen grain is not uniform in the different families and 
genera, and it is not so much reduced as in the angiosperms. In 
the more complex of the gymnosperms (Picea for example) there 
is not only an antheridium represented, but there may be from 
one to three disintegrating prothallial cells, and in addition the 
antheridium has a cell, the so called stalk cell, which has nothing 
to correspond to it in the angiosperms. This stalk cell is a sister 
cell to the so called body cell or central cell, which divides to form 
(usually) two sperm cells, and therefore corresponds to the sperm- 
atogenous cell in the angiosperms. In those gymnosperms with 
the simpler pollen grains no disintegrating prothallial cells are 
formed, but the stalk and central cells are uniformly present, the 
mother cell of these two being cut off at one side of the large tube- 
forming cell. In the pollen of the simplest gymnosperms there- 
fore there is one cell more than in that of the angiosperms, that is 
the stalk cell. Cryptomeria seems nearer to the angiosperms in 
this particular than any other gymnosperm, since Lawson ( : 04) 
has found that the cell cut off at the side of the pollen grain is 
soon set free and lies within the cytoplasm of the large tube-forming 
cell. Chamberlain ('97) has also found cases in pollen grains of 
angiosperms which show one prothallial cell and more often it is 
found in angiosperm pollen that the spermatogenous cell is cut 
off at one side of the grain instead of lying free in the tube cell 
(Coulter and Chamberlain, : 03, pp. 134-135). 

The gymnosperms then, compose a group containing various 
transitional stages, as regards the pollen grain structure, between 
the very reduced condition characteristic of the angiosperms and 
the condition found among the pteridophytes in which the male 
gametophyte is more or less developed. Indeed some pterido- 
phytes as Isoetes and Selaginella have more reduced male game- 
tophytes than some gymnosperms, as Picea and Pinus. 
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The facts just presented suggest the question whether the gym- 
nospenns at the present time are in a process of retrogressive modi- 
fication in the direction of the condition found in the pollen of the 
angiospermsy or have the gymnosperms reached a condition of 
stable equilibrium, not so much reduced as that of the angio- 
sperms and with different groups of genera stable at different 
stages in the reduction process. 

The mental attitude of those investigators who insist on labeling 
a single prothallial cell as the second one implies a stable condi- 
tion, with the number of cells formed invariable, and this mental 
attitude seems to be the common one among the writers on the 
subject. It seems to the present writer, however, that the number 
and wide distribution of the variations found among the gynmo- 
sperms may indicate that the gymnosperms, or at least some of 
them, are not in a state of stable equilibrium as regards the struc- 
ture of the pollen grain, but that the process of reduction of the 
male gametophyte is in progress. In Picea, for example, a very 
few cases were found in which three vegetative prothallial cells 
were seen, 16.7 % of the grains counted showed two, 66.6 % 
showed one, and 3.8 % showed none. The number in others 
was uncertain. In the case of the double pollen grains divided 
into nearly equal parts, several showed no prothallial cell in one 
part, and a few showed none in either part. The extreme limits 
of variation in the number of prothallial cells in the pollen grain 
of Picea excelsa are therefore from to 3, with 1 as the number of 
greatest frequency. 

These facts do not frove that Picea is in a condition of progres- 
sive reduction of the male gametophyte, but at the very least they 
allow that interpretation, and it is set forth merely tentatively. 
Other investigations may either confirm or disprove it. Should 
further investigations confirm this conclusion we should have a 
case of a structure changed by gradual modification rather than 
by mutation. The occasional variations found in angiosperms 
in which the pollen grain shows a vegetative prothallial cell, or 
several tube nuclei, or the spermatogenous cell cut off at one side 
of the grain instead of lying free in the cytoplasm of the tube-cell 
(Coulter and Chamberlain, :03, p. 134-135) may possibly have 
a similar significance. If so, the condition now found in the pollen 
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of angiosperms also has come about by gradual modification, and 
the variations mentioned show that the "normal "structure is not 
so firmly fixed but that a small proportion of the grains produced 
reverts to a condition which was a stage in the gradual develop- 
ment. If this interpretation of the variations is rejected, then they 
must be looked upon as mutations, for whose cause we have noth- 
ing at all to suggest. 

It is worth noting that among the gymnosperms the reduction 
of one structure in the pollen grain is not necessarily accompanied 
by the reduction of other structures in the same pollen grains. For 
example in Cupressus (G>ker, : 04) no sterile prothallial cell is cut 
oflf, and yet many sperm cells are formed instead of only two (Juel, 
:04). On the other hand, Picea, which may have as many as 
three sterile prothallial cells not only haa the sperms reduced to 
two nuclei in one cell but even one of those nuclei has undergone 
A further reduction in size and only one, the larger, is functional 
(Miyake, :03). In the reduction of the sperm cells therefore, 
3ome of the gymnosperms have been modified to even a greater 
^extent than the angiosperms. The d^ree of reduction seems to 
be closely associated with "use and disuse" of the parts concerned. 
Reduction of one of the sperm cells takes place only in cases where 
both could not function in fertilizing the egg. In the angiosperms 
the second sperm cell functions by uniting with the polar nuclei 
to form the endosperm, and this functioning whether a true fertil- 
ization or not, has been sufficient to prevent the reduction and 
possible suppression of one of the sperm cells. 

The observations of Miyake (:03) that in Abies halsamea the 
•second sperm nucleus may divide, or attempt to divide before it 
disintegrates in the upper part of the egg, and especially the obser- 
vation that in one case this second sperm nucleus united with one 
of the second segmentation nuclei of the fertilized egg, is sugges- 
tive as to the possible way in which "double fertilization" may 
have arisen. The sperm nucleus that is left over after the union 
of the other one with the egg nucleus, has a tendency to unite with 
any nucleus that may be available) and in the angiosperms the 
polar nuclei offer the opportunity for such a union. It is not at 
all necessary that either of the polar nuclei be the homologue of 
an egg as Bonnier (:05) believes, in order to explain the union 
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with the male nucleus, since the latter has been shown to be able 
to unite with a purely vegetative nucleus, even of the sporophytie 
generation. This observation of Miyake's seems therefore to 
strengthen the evidence that the endosperm of angiosperms was 
vegetative phylogenetically (Coulter and Chamberlain, :03, p. 183), 
and to weaken correspondingly the view that it was strictly sexual 
in its origin (Bonnier, : 05) and that the endosperm is to be re- 
garded as a modified embryo. 

If the introduction of the characters of the male parent into the- 
endosperm modified that endosperm so as to make it produce 
food more suitable to the embryo with characters inherited from; 
the same male parent (Sargent, :00, p. 708) then the embryo 
would be more vigorous, and more fit to survive in the struggle 
for existence than the pne not nourished by such an endosperm 
Hence those individual plants in which "double fertilization'^ 
took place would finally become dominant in the competition 
with others of the same species. 

The reduction, disintegration, and final complete suppression 
of the vegetative part of the male gametophyte may also depend 
on the law of "use and disuse." The vegetative cells of a well 
developed male gametophyte function chiefly m the process of 
photosynthesis. In most of the gymnosperms this function is- 
impossible since the pollen grain is soon enclosed in the micropyle 
and light is excluded by the thick scales of the fertile cone. It is 
then a waste of energy and food materials to form cells that do 
not function, and this waste is only in part compensated for, if the 
cells formed disintegrate later and thus become available as food 
for the work necessary in forming sperms. Disuse leads to disin- 
tegration of the useless cells, and their complete suppression is the 
most advantageous condition of all. 

It is interesting to note in this connection that in Araucaria 
which probably has the well developed male gametophyte, the 
pollen grain does not enter the micropyle (Thompson, : 05), but 
germinates at the distal end of the ligule, more or less entangled 
on its serrated edge. From this point the pollen tubes pass in the 
grooves on the surface of the ligule or scale, a distance of an inch 
or more, to the micropyle. It would seem from this description 
of Thompson's that the pollen grains are exposed to the light dur- 
ing the development of the tubes, hence the multicellular male 
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gametophyte present may function in photosynthesis. Contin- 
ued use has prevented in this ease the reduction which took place 
in those specie^ in which the pollen grain enters the micropyle 
directly. 

In addition to the specific conclusions in regard to Picea (see 
pp. 270 and 276) the following more general ones are drawn, some 
of which are suggested rather than demonstrated: — 

1. The variations in the male gametophyte and other structures 
in the pollen of gymnosperms, indicate that in this group there are 
examples of progressive reduction of some of those structures. 

2. This reduction is by a gradual modification and not by 
mutation, and is due to the disuse of the vanishing structures. 

3. The diflferent structures are not necessarily reduced to a 
corresponding degree in the same species. 

4. The suppression of the male gametophyte in gynmosperms 
is a distinct advantage where the function of photosynthesis is 
impossible to it. 

5. The occasional prothallial cell in the pollen of angiosperms 
indicates thait in this group also there was a reduction by gradual 
modification. 

6. The division of the non-functional male nucleus in the egg 
of some of the gynmosperms and its fusion with a segmentation 
nucleus of the fertilized egg in Abies halsamea, strengthens the evi- 
dence for the view that the endosperm of angiosperms is phyloge- 
netically a modified gametophyte and not a modified embryo. 

7. The extremes in the variation of the male gametophyte 
among the genera of gymnosperms are found in Araucaria with a 
gametophyte of from 20 to 44 cells, (provided my interpretation 
of Lopriori's observation is correct) and Cryptomeria japonica 
(Lawson, :04), in which there is not only no vegetative male 
prothallium, but in which even the division wall between the tube 
nucleus and the primary spermatogenous nucleus is so fugitive 
as almost to escape detection. 

The writer has no intention of making any further investigations 
along this line, as his special interests lie in another direction, but 
he felt that the opportunity to make the observations here recorded, 
though arising only incidentally, ought not to be neglected. 

Botanical Department of the 
University op Michigan 
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ANATOMY OF CRYPTOBRANCHUS ALLE- 
GHENIENSIS 

ALBERT M. REESE 
The Skeleton 
TheSkuU 

Since the skull of Cryptobranchtis aUegheniensis is strong and 
largely composed of bone, it is easy to prepare and to study. Figs. 
1 and 2, A and B, are dorsal and ventral views of the skull proper 
and of the lower jaw, taken from photographs. 

The skull as a whole has essentially the same structure as that 
of the Japanese giant salamander, described and figured by 
Osawa (:02), but it diflfers from the latter somewhat in general 
outline and in the shape of some of its constituent bones. Its 
length is greater in proportion to its width than is the case with 
the Japanese species, and the anterior outline of the head, formed 
by the maxillary and premaxillary bones, is more rounded in the 
American species, in which it forms an sdmost perfect arc of a 
circle. In the Japanese form the maxillae and premaxillse, as 
figured by Osawa, are relatively heavier than in the American 
species, and the posterior ends of the maxillary bones approach 
more closely the anterior borders of the pterygoids. The shape 
of the lower jaw is about the same in both species, but, if any- 
thing, is narrower in the American salamander, so that it does 
not fit with very great precision against the upper jaw. The 
anterior border of the skull is formed, as has been said, by the 
maxillary and premaxillary bones (Figs. 1, 2, 3, Mx., P, Afar.), both 
of which are armed with numerous small, conical teeth, there 
being about 12 on each premaxilla, and 38 on each maxilla, making 
100 teeth in the entire row. 

The cartilaginous portions of the skull are not so extensive as 
in the Japanese salamander, and are superficially visible in the 
region of the anterior nares only, the anterior part of the orbit,, 
the auditory region, and the articular surface of the quadrate. 
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A B 

Fio. 1. — A. Ventral view of the m&ndible. B. Dorsal view of the skull (from a 
photograph). A., angular; Co., coronoid; Ct., opening of canal ("canalis 
cords tympani"); D., dentary; E., ethmoid; E. C, ethmoidal canal; F., 
frontal; Mx., maxillary; N., anterior nares; Na., nasal; O.. exoccipital; 
I O. F., occipital foramen; Or., orbit; P., parietal; PJ., prefrontal; P. Mx., 
premaxillary ; Pt., pterygoid; Q., quadrate; S., squamosal. 
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A B 

Fio. 2. — A. Dorsal view of mandible. B. Ventral view of skuU (from a photo- 
graph). A., angular; C. minute canals through parasphenoid; C. C, caro- 
tid canal; Co., coronoid; D., dentary; Afx., maxillary; O., exoccipital; Or., 
orbit; Pa., parasphenoid; P. Mx., premaxillary; Po., proOtic; Pt., ptery- 
goid; Q., quadrate; «S., squamosal; F., vomer. 
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The bony cranium will first be described, and then a brief 
description of the cartilaginous cranium will be given. 

The premaanUcBy forming the extreme anterior tip of the skull, 
are firmly united with each other in the middle line, and articulate 
less closely, on each side, with the adjacent maxillae. Their dorsal 
surface is prolonged backward somewhat, to articulate with the 
anterior borders of the nasals. Between them, in the mid-dorsal 
line, is a small foramen, and each of them exhibits a small fora- 
men on its anterior surface (Fig. 1, P. Mx.), Their antero-ventral 
border is armed with the teeth Above mentioned, while the postero- 
ventral border articulates with the anterior border of the vomers 
(Fig. 2, P. Mx., v.). About half of the median border of the 
nasal opening (N,) is formed by the premaxilla. 

The two maxillary bones (Mx,) form the rest of the upper jaws, 
and make up, in fact, about three fourths of their extent. Their 
-entire ventral border is armed, as has been described, with a single 
row of teeth. The medial end of their arc is in articulation with 
the premaxillary, while the lateral end tapers somewhat and is 
•connected with the anterior angle of the pterygoid by a tough 
band of connective tissue. On the dorsal aspect of the maxillaiy, 
near the medial end, a triangular projection extends in a postero- 
medial direction between the frontal and the prefrontal. On the 
anterior border of each maxilla, at the base of the triangular pro- 
jection just described, are two small openings, the infra-orbital 
foramina. 

The nasals (Figs. 1 and 3, Na.) lie just back of the premaxillae 
and form the posterior half of the median border of the anterior 
nares (iV.), The two bones, when taken together, have somewhat 
the shape of an arrowhead, the tip of the head pointing towards 
the base of the skull. The base of the arrowhead articulates 
anteriorly with the posterior projections of the premaxillae that 
have already been mentioned. In the mid-dorsal line the two 
nasals articulate closely with each other, while their postero- 
lateral borders articulate with the frontal bones. The anterior 
half of each nasal is closely united, ventrally, with the dorsal side 
of the corresponding vomer, and thus helps to form the septum 
between the two nasal chambers. 

The fronials (F,) are two large, much elongated bones that lie 
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just posterior to the nasals and fonn a considerable part of the 
roof of the skull. Like the nasals, these two bones, when taken 
together, have somewhat the shape of an arrowhead, the tip of 
the head again being towards the posterior. Along the middle 
line, where the bones articulate with each other, is sometimes 
seen a well marked ridge. Each frontal forms the posterior half 
of the lateral border of the corresponding nasal opening, and 
articulates laterally with the maxillary, prefrontal, and parietal; 
anteriorly with the nasal, and medially with its fellow of the oppo- 
site side. Ventrally the frontals are more or less closely united 
with part of the cartilaginous cranium, to be described later. 

The prefrontals (P/.) are two elongated bones in the roof of 
the skull, on the antero-medial border of the orbits. Each bone 
articulates anteriorly with the corresponding maxilla, medially 
with the frontal, and posteriorly with the extreme anterior end 
of the parietal. 

The parietals (P.) are two large bones that form the greater 
part of the roof of the cranial cavity. The posterior half of each 
bone is broad and angular, while the anterior half is long and nar- 
row, and extends forward to articulate with the posterior end 
of the prefrontal, as has already been stated. The posterior 
halves of the two parietals articulate with each other, but the nar- 
row anterior portions are separated from each other, and into 
the space thus formed the posterior ends of the two frontals pro- 
ject and articulate. The narrow, anterior part of the parietal 
overlies and is more or less closely attached to the ethmoid, pres- 
ently to be described. The broad, posterior part of the parietal 
articulates laterally with the squamosal, and posteriorly with the 
lateral occipital. The sagittal suture, between the two parietal 
bones, extends back to the antero-dorsal border of the foiamen 
magnum. A very small portion of this border is formed by the 
medio-posterior extremities of the parietals. 

The ethmoids (E.) will be described at this place, although they 
are partially composed of cartilage even in the adult, and are 
described by Osawa in connection with the cartilaginous crani- 
um. The ossified portion of the ethmoid is shown at E, in Figs. 
1 and 3. It is an elongated rod of bone, attached dorsaJly to the 
parietal, as has been mentioned, and ventrally to the parasphenoid 
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FiQ. 3. — The bones of the skull, disarticulated. A. C, opening of the auditory 
capsule: E., ethmoid (cartilaginous at each end) : F., frontal; Mx., maxillary; 
A^a.. nasal; O.. exoccipital; P., parietal; Pa., parasphenoid; P/., prefrontal; 
P. Mx., premaxiUary ; Po., proOtic; PL, pterygoid; Q., quadrate; S., squa- 
mosal; v., vomer. 

and, slightly, to the pterygoid. Extending laterally through the 
midventral region of this osseous part of the ethmoid is a small 
ethmoidal canal {E. C), Anteriorly and posteriorly the osseous 
ethmoid is continuous with the cartilaginous cranium of the nasal 
and the occipital regions. 
The ^pterygoid (PL) has, with the exception of the parasphenoid, 
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a greater surface than any bone in the skull. Seen from the dor- 
sal aspect, it is nearly rectangular in outline, but seen from the 
ventral side, it exhibits a long, postero-laterally projecting process 
which underlies the squamosal and quadrate bones. Its anterior 
and lateral borders are thin, and the former makes the irregular 
outline of the posterior border of the orbit. The antero-lateral 
comer is connected with the maxillary by a band of connective 
tissue, as has already been pointed out. The median border 
underiies the ethmoid to a slight extent, and is attached ventrally 
to the side of the parasphenoid. The posterior border is hid- 
den, in a dorsal view, by the squamosal and quadrate, with which 
it articulates. The above-mentioned postero-laterally projecting 
process of the pterygoid is an elongation of the lateral and posterior 
borders, and extends entirely across the squamosal until it shows 
behind it, and forms a part of the articular surface for the lower 
jaw. This projection of the pterygoid behind the squamosal 
and quadrate is shown in Fig. 1. The pterygoid is somewhat 
arched from side to side, with the convexity of the arch dorsad. 
Above the postero-median comer of the pterygoid, in the angle 
between the ethmoid, the parietal, and the squamous, is a marked 
depression (see Fig. 1) covered in life by a membrane. In the 
bottom of this depression several canals leading into the cranial 
cavity may be seen. One of these canals is much larger than the 
others, and is said by Osawa to be for the exit of the trigeminal 
nerve. At the postero-lateral comer of the depression is a short 
canal, formed by a narrow space left between the squamosal above 
and the pterygoid below. This canal does not lead into the cavity 
of the skull, but extends backward to the outer side of the auditory 
capsule, and seems to be an anterior continuation of the vertebral 
canal ; it is apparently the canal that Osawa calls the palatine. 

The sqvjamous bones (S.) are among the most important in 
determining the shape of the skull. They are elongated, rod- 
shaped bones that extend laterally, at right angles to the long 
axis of the skull, and form the square outline of its base. Each 
bone has the appearance of being slightly twisted, due to a well 
marked dorsal ridge that extends nearly its entire length. The 
medial end of the bone is somewhat flattened and enlarged, and 
articulates with the side of the parietal near its posterior end. 
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The distal end of the squamosal is firmly united with the enlarged 
end of the quadrate, and partially overlies that bone. Ventrally 
the squamous articulates with the posterior border of the ptery- 
goid as has been described. 

The quadrate hones (Q,) are two small bones that form almost 
the entire articular surfaces for the lower jaw. A small portion 
of these surfaces, however, is formed by the pterygoids. Each 
quadrate is a small, triangular bone lying at the distal end of the 
squamous above described, and largely covered by it. The heavy, 
basal portion of the bone projects beyond the end of the squamous 
and, together with the tip of the pterygoid, is covered with a thick 
pad of cartilage for articulation with the lower jaw. The slender, 
medially projecting portion of the bone lies anterior and ventral 
to the squamous, and dorsal to the pterygoid. It is more closely 
attached to the former than to the latter bone. Osawa figures the 
quadrate in the adult skull as entirely of cartilage, and describes 
it with the cartilaginous cranium, but in the present form it is quite 
fully ossified. 

The tympanic bones, described by Osawa in the Japanese spe- 
cies, could not be determined. 

The exoccipitals (0.) form the greater part of the border of the 
occipital foramen. Each bone presents a postero-laterally pro- 
jecting condyle, for articulation with the first vertebra. Through 
the base of this condyle passes a horizontal canal of considerable 
size into the posterior part of the cranial cavity. This canal is 
probably for the exit of the vagus nerve. The anterior part of the 
exoccipital is much enlarged and is hollowed out to form the pos- 
terior half of the auditory capsule. The dorso-anterior borders 
of the exoccipital articulate with the posterior end of the parietaU 
while the ventral border articulates with the posterior end of the 
parasphenoid. 

The occipital foramen or foramen magnum is markedly tri- 
angular in outline, especially when seen from the dorsal aspect. 
The apex of the triangle, which lies at the posterior end of the 
sagittal suture, is some distance in front of the base, so that the 
plane of the aperture, instead of being vertical, slants in a dorso- 
anterior direction. Only a small portion of the base or ventral 
border of the foramen is formed by the parasphenoid. 
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All of the bones described above are seen in a dorsal view of the 
skull; those of the bony cranium that will now be described, are 
best seen from the ventral aspect. 

The parasphenoid (Pa,) is the only unpaired bone in the skull, 
and is larger than any other single bone. It forms practically the 
entire floor of the cranial cavity, as seen from the exterior. The 
bone as a whole has somewhat the shape of a broad, blunt-pointed 
dagger, with the point towards the anterior end of the skull, and 
partially concealed, in a ventral view, by the posterior ends of the 
vomers, with which it articulates (Pa, in Figs. 2 and 3). Later- 
ally the parasphenoid articulates, for the anterior half of its length, 
with the pterygoids. Just posterior to the pterygoids it articulates 
dorsally with the small prootics, and posterior to the auditory fora- 
men it articulates with the exoccipitals. Its extreme posterior 
end forms the ventral border of the occipital foramen. A short 
distance anterior to this point is seen, in some specimens, a well 
defined, irregular transverse line (Fig. 2), which would seem to 
indicate the presence of a basioccipital bone, but as no separation 
of the bone along this line could be effected, the presence of a de- 
finite basioccipital could not be determined. On each side of the 
parasphenoid, close to its point of union with the prootic, is a canal 
{C, C), leading into the cranial cavity, called by Osawa the caro- 
tid canal. Nearer the midventral line, somewhat anterior to the 
preceding, are two very small openings (C), probably for the en- 
trance of minute blood vessels. The ventral surface of the para- 
sphenoid is smooth and nearly flat, except at the anterior end where 
it is more or less convex, with a slight median ridge, that fits in 
between the posterior ends of the vomers. 

The vomers (V,) are the large flat bones that form the base of 
the anterior end of the skull and the floor of the nasal cavity. 
They may, perhaps, be considered as formed of the fused vomers 
and palatines. Each bone is roughly triangular in outline, one 
side of the triangle being fused with the corresponding side of the 
other bone in the midventral line. Another side, which is rather 
deeply indented by a sort of bay, forms part of the inner border of 
the orbital space; and the third side, which is in the form of an arc 
and is armed with teeth, is attached to the maxilla and premaxilla. 
The row of teeth, lying on anterior borders of the two vomers, 
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forms an arc that is almost exactly concentric with the arc of the 
premaxillse and maxillae, except that there is a slight depression 
in the middle where the two vomers meet. The anterior half of 
the median edge of each vomer is elevated dorsally into a ridge, 
and the median elevation fonned by the union of these ridges sep- 
arates the nasal chamber into its two parts, and unites the vomers 
below with the nasals and the premaxillfle above. It forms, in 
other words, the bony nasal septum. 

The prodtics (Po.) are two small bones of irregular shape that 
fonn the antero-dorsal borders of the auditory capsules. Even 
in the adult they are largely composed of cartilage, so that in the 
dried skull they scarcely show from either the dorsal or the ventral 
side. They are more closely united to the parasphenoid than to 
any other bone, but they also articulate with the cartilaginous pos- 
terior end of the ethmoid, with the parietals, with the squamous 
bones, and, possibly to a slight extent with the pterygoids. There 
are several canals that lead from the exterior to the cranial cavity, 
in the neighborhood of the prootic. Of these the largest has 
already been mentioned in connection with the pterygoid bone, 
and is said by Osawa to be the trigeminal foramen. It is a break 
in the median border of the prootic, rather than an actual canal 
through the bone. The only other canal in this bone that can be 
made out without diflBculty b the facial, which lies in the edge of 
the bony part of the prootic, just dorsal to the carotid canal, and 
runs transversely through the bone to the cranial cavity. 

Columella auris is the name given to two very small bones that 
are found in connection with the auditory capsules. Each col- 
umella is fan-shaped or palmate in outline, and, on account of its 
minute size and loose attachment to the rest of the skull, is easily 
lost in the preparation of the skull. The broad part of the bone 
is connected by cartilage with the foramen ovale of the auditory 
capsule, while the narrow end (the handle of the fan) projects lat- 
erally and, according to Osawa, is connected by cartilage with the 
quadrate, though this latter point could not be determined in the 
present species. The columella does not show in either of the fig- 
ures of the skull. 

The cartilaginous cranium will now be described. It may be 
divided, to use the terms adopted by Osawa, into two general 
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regions, an anterior naso-ethmoidal and a posterior petroso- 
occipital, regions which are connected by two narrow longitudinal 
bands in the position of the ethmoids. The space between these 
bands is the pituitary space, and the bands themselves are ossi- 
fied in their middle regions to form what we have already described 
as the ethmoid bones, while their ends are cartilaginous to connect 
anterioriy and posterioriy with the naso-ethmoid and petroso- 
occipital regions respectively. 

The naso^hmoid cartilage serves chiefly as a lining to the nasal 
chamber, and may be seen in a dorsal view of the skull, over a part 
of the anterior nares and at the antero-lateral angle of the orbital 
space. 

The petroso-occipital region is more extensive, and the cartilage 
is there thicker than in the naso-ethmoidal region. It forms, as 
the name would suggest, the cartilaginous basis of the occipital 
r^on, and though in the adult it is largely ossified, there is a con- 
siderable cartilage that persists even in the adult skull. The 
thickest cartilage is found in the region of the ear, where it forms 
a large part of the auditory capsule. Various parts of the petroso- 
occipital region are more or less fully ossified to form the following 
bones, whose form and position have already been described, and 
which are described by Osawa in connection with the cartilaginous 
cranium: the exoccipital (occipitale laterale), the prootic, the 
quadrate, and the columella. The ethmoid, which forms the 
middle of the longitudinal bands connecting the petroso-occipital 
and naso-ethmoidal regions, has also been described in connection 
with the bony cranium. 

It remains now to describe the bones and the cartilages of the 
visceral skeleton. 

The Visceral Skeleton 

The visceral skeleton is made up of six arches: the mandibular 
arch or lower jaw, the hyoid arch, and four visceral arches. It 
differs, then, markedly from the Japanese species which, accord- 
ing to Osawa, has only four arches, the last two visceral arches 
being absent. The visceral skeleton as a whole is large and strong 
and, though consisting largely of cartilage, it persists throughout 
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life. It forms the supporting framework to the floor of the capa- 
cious mouth and throat so important in the process of inspiration. 

The mandible or lower jaw (Figs. 1, 2, 4) is made up of two- 
distinct parts, joined together anteriorly, in the middle line, by 
a short ligament of cartilage, the mandibular symphysis. As- 
may be seen from the figures, the curve of the anterior margin 
of the mandible is not so wide as that of the upper jaw, so that 
the two jaws do not fit together very closely. Each half of the 
mandible is made up of three elements: the dentary, the coro- 
noid, and the angular. 

The dentary (D.) is the largest of these three bones, and extends 
from the symphysis almost to the posterior angle of the jaw. Its 
anterior end is thick and rounded, while the posterior end is thia 
and pointed to fit against the outer 
surface of the angular. The ventro- 
anterior surface of the dentary is 
smooth, and is marked by a series 
of about six small openings, mental 
foramina, which do not show in 
either a ventral or a dorsal view of 
the mandible. The dorso-posterior, 
or upper-and-inner, border of the 
dentary is depressed to form a deep 
alveolar surface, along the outer bor- 
der of which are situated the small, 
conical teeth in a single row. There 
are about forty-five teeth in each 
dentary. The alveolar surface ex- 
tends for somewhat more than two 
thirds of the entire length of the 
bone, and ends posteriorly at the 
point where the dentary meets the 
outer border of the coronoid. The 
teeth are all of nearly the same size, 
except that those at the posterior end of the row are- slightly 
smaller than the rest. They are attached to the bottom and side 
of the alveolar depression, so that their crowns sometimes project 
but a short distance above the upper border of the dentary bone.. 




Fio. 4. — The bones of the mandible., 
disarticulated. A., angular; Co., 
coronoid; D^ dentary. 
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Individual teeth are frequently broken off, but whether they are 
ever regenerated again the writer is not able to say. 

The coronoid (Co,) is a spindle-shaped bone that lies on the 
inner side of the mandible near its posterior end. Its inner or 
medial surface is smooth and rounded except near the middle of 
its length, where it is elevated and roughened to form the coronoid 
process for the attachment of muscles. In the anterior comer of 
the triangular depression between the dorsal borders of the dentary 
and coronoid bones is a small canal leading towards the anterior 
end of the jaw. It may be called the alveolar canal. A ventral 
view of the jaw shows a more evident canal (Ct) entering between 
the dentary and coronoid bones, just at the anterior end of the 
angular, as seen from the surface but really at some distance 
behind this end as the anterior portion of the angular is hidden 
between the two other bones. This canal corresponds, perhaps, 
to the inferior dental foramen of higher forms. The canal that 
Osawa describes, in this region, passes directly through the coro- 
noid bone; he calls it the "canalis chordte tympani." The outer 
surface of the coronoid (hidden, of course, by the other bones) 
is deeply grooved longitudinally to receive a long, slender proc- 
ess of the angular (Fig. 4). 

The angular (A,) forms the posterior end of the mandible and 
presents there an articular surface for attachment to the quadrate. 
This articular surface is triangular in outline, with the apex of the 
triangle towards the posterior. The articular portion of the angu- 
lar is a thick mass of cartilage, and extends forward to fill the 
angular space between the dentaiy and coronoid bones that has 
already been mentioned. Anterior to this angular space, this 
cartilage is continued forward as a long, slender rod (Meckel's 
cartilage) lying in a furrow between the dentary and the coronoid. 
Meckel's cartilage extends for nearly three fourths of the length 
of the jaw, or to about the middle of the row of teeth. The part 
of the angular that is seen from the ventral aspect (Fig. 1, A) is 
ossified, and extends, as may be seen from the figure, for some 
distance, anteriorly, between the dentary and the coronoid. In 
fact it extends farther in an anterior direction than is seen from 
the surface, being covered for some distance by the coronoid. 

The hyoid apparatus (Fig. 5), using that term to include both 
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the hyoid and the visceral arches, has, as may be seen from ihe 
figure, a very complicated structure. It diflFers from the same 
apparatus in the Japanese salamander in having two more vis- 
ceral arches, as has been said; also in the relative amounts of bone 
and cartilage, and in the general form of the constituent parts. 
The arches will now be described in order, from before backward. 

The hyoid arch (H., 
H\y C.) is, as would 
be expected, much the 
largest of the arches, 
and is composed of two 
S-shaped bars united 
medially by a small, 
unpaired copula (C). 
Each bar is made up 
of two closely united 
segments (Jf ., H\), of 
which the anterior one 
{H\) is nearly straight 
and is united with the 
copula, while the pos- 
terior one (H,) is 
strongly curved out- 
wards at its free or pos- 
terior end where it ends 

in a cartilaginous surface for articulation with the skull. As may 
be seen in the figure, nearly half of the posterior segment of the 
hyoid arch is bony (the cartilaginous portions being, in all cases, 
dotted). In the Japanese form the entire hyoid arch is composed 
of cartilage, and each bar is of a single piece, instead of being 
of two pieces as in the present form. The copula or median con- 
necting piece is of about the same shape in both species, and con- 
sists of a short transverse portion with a pointed knob projecting in 
a postero-dorsal direction. The elements of the hyoid arch are 
flattened in a dorso-ventral direction, so that they are elliptical in 
cross section. The whole hyoid arch has somewhat the shape of 
a wide letter U, with the free ends of the letter bent widely apart. 
Into the space between the two bars of the hyoid arch projects the 




Fio. 5. — The hyoid apparatus. C, copula of hyoid 
arch; C, copula of first and second visceral arches; 
H., H\, elements of the hyoid arch; Af., membrane 
between the first and second visceral arches; V* *., 
first to fourth visceral arches. 
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flat, cartilaginous copula (C.) of the first and second visceral 
arches. It is flat, broadly heart-shaped in outline, and is com- 
posed of soft, fibro-cartilage. It is united around its periphery 
with the inner border of the hyoid arch by a thin but tough con- 
nective-tissue membrane. On the midventral line of this copula, 
at its posterior edge, in a slight cartilaginous elevation to which 
are attached the anterior ends of the first and second visceral 
arches, the former to its lateral, the latter to its posterior border. 

The first visceral arch (V^.) is composed of two slender, some- 
what flattened, S-shaped bars united in the median line by the 
copula that has already been described. Each bar of this arch 
is composed of a single rod of firm, translucent cartilage. Along- 
its entire median border this arch is united, by a tough, fibrous 
membrane, to the outer border of the second visceral arch (F'.) 
which, in distinction to the preceding arches, is composed almost 
entirely of bone. Its constituent bars, instead of being S-shaped^ 
are practically straight laterally though somewhat arched in & 
dorso- ventral direction. Viewed from the ventral aspect, the two 
bars of this arch form an almost perfect letter V. Each bar is 
formed of two elongated bones, of which the anterior or dorsal 
one is the longer. Both bones are nearly circular in cross section, 
and are enlarged at each end, the two adjacent ends being the 
larger, and somewhat flattened. The free end of the posterior 
or ventral bone is tipped by a small piece of cartilage. 

Between the two bones of the second visceral arch, on each side,, 
is a small pad of cartilage which extends medially and becomes 
spread out for the attachment of the anterior ends of the third (F'.) 
and fourth (F*.) visceral arches, of which the former is composed 
almost entirely of bone, and the latter entirely of cartilage. The 
third and fourth arches are formed of distinct bars; that is, they 
are not united in the midventral line by a copula as are the pre- 
ceding arches. The bars of the third and fourth arches on each 
side are united with each other at both ends, and form a loop 
which serves to stiffen the border of the permanent gill slit. The 
third bar is of bone, and is tipped at the posterior end with a 
small head of cartilage for attachment to the corresponding end 
of the fourth bar. This bar is cylindrical in cross section, and 
is slightly curved, so that the loop is kept permanently open, while 
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the elasticity of the cartilaginous fourth bar allows considerable 
variation in the si^e of the loop and consequently in the size of the 
gill slit. The anterior end of the third bar is united, for a short 
distance, with the posterior bone of the second bar by the same 
tough membrane that was noted in connection with the more an- 
terior arches. 



The Vertebral Column 

The vertebral column of the American 
salamander (Fig. 6) consists of from 39 to 
42 bones or vertebrse. The giant salaman- 
der of Japan, according to Osawa, has in 
its vertebral column forty-five vertebrae, 
besides two cartilaginous rudiments at the 
tip of the tail. The vertebrae may be divided 
into three sets: those of the body, of which 
there are 19; those of the tail, 19 to 22 in 
number; and a single vertebra between these 
two sets, the sacrum. The number of body 
vertebrae, as might perhaps be expected, 
seems to be more constant than the number 
of caudals, though the variation \t\ the latter 
may be partly due to the great diflSculty of 
preserving the last few vertebrae on account 
of their small size and cartilaginous nature. 
All of the vertebral centra, with the excep- 
tion, of course, of the anterior surface of the 
first, are deeply amphiccelous. The anterior 
and posterior concavities are so deep that 
they almost meet in the middle of the centra. 
There is, however, no continuous passage 
through the centra. . • • 

As a type of the body vertebrae, or those 
lying anterior to the sacrum, the tenth verte- 
bra may be described (Figs. 6 and 7). As 
is seen in Fig. 7, D, a lateral view, the cen- 
trum is distinctly hourglass-shaped, and its 
length is about twice its greatest diameter. 
Like all of the other body vertebrae, except the first, this vertebra 



FiQ. 6. — Dorsal view of 
the entire vertebral col- 
umn, with the ribs 
attached (from a photo- 
graph). 
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has strongly developed transverse processes (Figs. 6, 7, 8, T.), 
to which are attached short, thick ribs (/?.). These ribs, like the 
processes to which they are attached, are flattened in an antero- 
posterior direction, so that, at their points of attachment, they are 
considerably thicker in a dorso-ventral direction than they are in 
an antero-posterior direction. The ribs, with the exception of 
those attached to the sacrum (to be presently described), stand 
out at right angles from the vertebrae, and taper to a sharp, round 
point. In the anterior part of the body the ribs are somewhat 
longer than the processes to which they are attached, while in the 
region near the sacrum they are shorter. The transverse proc- 
esses are of about the same length on all of the body vertebrae, 
and project rather strongly towards the posterior. The base of 




Flo. 7. — Four views of the tenth vertebra. A, Ventral. B, dorsal. 0, posterior. 
D, lateral. A., anterior articular process: C, centrum; Z>., dorsal spine; P. 
A., posterior articular process; R., rib; S. C, spinal canal; T., transverse 
process; V. C, vertebral canal. 

each transverse process is perforated by a small vertebral canal 
(Fig. 7, V, C). The dorsal or spinous process (Figs. 7 and 8, 
D.) is small and inconspicuous in all of the body vertebrae, and is 
most prominent on the first. 
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The posterior articular processes (Fig. 7, P. A.) have a rounded 
outline, as seen from above, and are flattened ventrally where 
they articulate with the underlying anterior processes of the suc- 
ceeding vertebra. The anterior articular processes (Fig. 7, A.) 
do not differ greatly from the posterior, except in having their 
articular surfaces on the dorsal instead of the ventral side. The 
vertebrae of the body region resemble each other so strongly in 
shape that it would be very diflScult to say from just what part of 
the body any given vertebra had been taken, but in an individual 
skeleton the vertebrae m the middle region of the body are both 
longer and heavier than those anterior and" posterior to them. 

The sacral vertebra differs from those immediately in front 
and behind it only in the much greater development of the trans- 
verse processes (Fig. 6, S.), and the ribs. The sacral ribs, since 
they serve for the attachment of the pelvic girdle, are much heavier 
and stronger than any of the other ribs. Instead of projecting 
as sharp points straight out from the body, they curve downward 
and end in articular surfaces for the attachment of the upper ends- 
of the two rods of the ilium. 

The caudal vertebrae present more variations both in size and 
form than do those of the body. The first caudal vertebra so- 
closely resembles the last body vertebra that it would be very 
di£Bcult, if not impossible, to tell them apart. The third caudal 
vertebra may be described as a tjrpe of those of this region (Figs. 
6 and 8). The chief differences between this vertebra and the 
typical body vertebra are, besides the smaller size of the former, 
the weaker transverse processes, the larger dorsal spine, and the 
presence of a well developed hsemal arch. Transverse processes 
are found on the first eight of these vertebrae, and are provided, 
at least in the case of the first four or five, with minute ribs. These 
processes diminish in size from before backward, so that those 
of the eighth caudal vertebra are very small (Fig. 6). The dorsal 
spines, on the other hand, become more prominent from before 
backward, until they reach their greatest development in the mid- 
caudal region, or, at any rate their greatest relative development. 
As the caudal vertebrae become more and more compressed later- 
ally, the posterior articular processes approach each other until, 
in the midcaudal region, they are not distinguishable from the 
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large dorsal process. Even in the third caudal, these processes 
(Figs. 6 and 8, Z)., P. A.) have the appearance of being mere 
articular surfaces on the sides of the spinous process. The 
anterior articular processes (Figs. 6 and 8, A.) also diminish in 
size towards the posterior until, on the last few vertebrae, they, 
like the posterior articular processes, practically disappear, and 
the vertebrae in this region are united by their centra only. 




Fio. 8. — Three views of the third caudal vertebra. A, lateral. B, posterior. C, 
ventral. A., anterior articular process: C., centrum; D., dorsal spine; U., 
haemal spine; H. A., hemal arch; P. A., posterior articular process; S. C. 
spinal canal; T., transverse process. 



The haemal arch, which is characteristic of the caudal vertebrae, 
is well developed on the third vertebra (Fig. 8, H. A.), in which 
the two sides of the arch are prolonged ventrally into a long spine 
(ff .). As may be seen in Fig. 8 the canal formed by the haemal 
arch is larger than the spinal canal; this is true of all the caudals 
except the first, which is without a haemal arch. 

The hinder caudal vertebrae, besides being laterally compressed, 
show an actual concavity in each side of their centra. 

The two cartilaginous rudiments at the end of the tail, that 
are described by Osawa, I have not been able to determine, 
though I am not willing to say that they do not exist in the Amer- 
ican as well as in the Japanese form. There is, however, except 
in the number of vertebrae, a strong resemblance between the 
vertebral columns of the two animals. 
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Skeleton of ike Appendages 

The Anterior Extremity. — Both pairs of appendages are small 
and weak, and the two girdles are largely made of cartilage. The 
shoulder girdle is almost entirely composed of cartilage, and the 
scapular, which is small, is the only part that is bony. 

The sternum (Fig. 9) is so small and is composed of such thin 
cartilage that it may easily be overlooked in a hasty dissection. 
It lies in the usual midventral position, and 
is overlapped anteriorly for about half of* 
its length by the large coracoids, that is to 
say, the coracoids overlap it on its ventral 
side. In a medium-sized specimen it is 
about 2.5 centimeters long and of nearly the 
same width. It is somewhat shovel-shaped, 
with the rounded edge towards the anterior ^^ernum. ^^ ^^^ ° 
(Fig. 9). The ventral aspect is smooth and 
slightly convex, while the dorsal side is correspondingly concave, 
and is provided with a V-shaped thickening, which projects 
slightly in an antero-dorsal direction. It is chiefly by this thick- 
ening that the sternum is attached to the body wall. The edges 
of the sternum thin out so gradually that it is diflScult to deter- 
mine where the cartilage ends and the fibrous tissue begins. 

The coracoids, which are described by Osawa as being composed 
of two parts, the procoracoids (Fig. 10, P. C.) and the coracoids 
(C) proper, though there is nothing to distinguish the two regions, 
are by far the most conspicuous elements of the shoulder girdle. 
They are composed entirely of cartilage and, together with the 
sternum, form a complete, though thin cartilaginous sheath for 
the ventral side of the thoracic region of the body. They overlap 
each other almost completely, as each sheet extends almost to the 
opposite side of the body. Like the sternum the coracoid is very 
thin, especially at the edges, but, unlike the sternum, it has no 
thickening on either side for muscular or connective tissue attach- 
ments. At the outer edge the coracoid becomes considerably 
thickened, where it articulates with the scapular and with the 
humerus. With the scapula it is firmly united, but with the 
humerus it forms a ball-and-socket joint, the glenoid cavity (Fig. 
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10, GL) being rather deep to receive the rounded head (H'.) 
of the humerus (H.). The center of the coracoid is perforated 
by an irregular aperture of varying size (F.), called by Osawa 
the "supracoracoid foramen." 

The scapula and suprascapula (Fig. 10, Sc, S. Sc) form, to- 
gether, a spatula-shaped structure whose area is small in com- 
parison with that of the coracoid, with which it is firmly united. 
The suprascapula forms the blade of the spatula, and is a broad, 
thin sheet of cartilage, somewhat curved to conform to the curva- 
ture of the side and back of the animal's body. The scapula is 



PC. 
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Fio. 10. — Anterior appendage. A, entire appendage. B, distal portion in a dif- 
ferent position. C, coracoid: Cn., centrale; F., foramen; Ql., glenoid cav- 
ity; ^., iiumerus; //'., iiead of humerus; /.. intermedium; Af., metacarpals; 
P., ptialanges; P. C, procoracoid; A., radius; A'.,radiale; iSc, scapula; S. 
Sc, suprascapula; T., tuberosity of humerus; U., ulna; C7'., ulnare; 3, 4, 
6, distal row of carpals. 

an elongated, somewhat flattened structure, slightly enlarged at 
one end, where it is attached to the suprascapula, and considerably 
enlarged at the other, where it is attached to the coracoid. It is 
the only part of the shoulder girdle that is composed of bone. 
The humerus (Fig. 10, H.) is rather thick in proportion to its 
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length, and articulates with the glenoid cavity of the eoracoid by 
the round, cartilaginous head (H\). Its more or less cylindrical 
shaft is marked by a large tuberosity (T.) near its proximal end, 
and is separated from the head by a well marked neck. At its 
distal end it is broad, somewhat as in the human humerus, and 
articulates with both the radius and the ulna. 

The radius and the vlna are entirely distinct from each other, 
and take nearly equal parts in the formation of both elbow and 
wrist joints, though the ulna, as is usual, is the more closely as- 
sociated with the humerus. The ulna (Fig. 10, U,) is slightly 
longer than the radius (R,), and strongly resembles the corre- 
sponding bone in the human arm, though it is, of course, not so 
long in proportion to its diameter, and its shaft is not so nearly 
cylindrical in section. Its proximal end is enlarged to form the 
concave articular surface, the sigmoid cavity, and its distal end 
is also slightly enlarged, and is provided with a disc of cartilage of 
considerable thickness. The radius presents no peculiarities in 
structure. It enlarges rather rapidly from the center towards 
each end, where well marked discs of cartilage are found. 

The carpus, though composed entirely of cartilage, shows with 
considerable distinctness the seven elements of which it is made 
up. Two elements articulate with each of the forearm bones: 
on the radial side are the radiale {R\) and the centrale (Cn.), the 
latter lying in about the center of the carpus; on the ulnar side are 
the ulnare {U\) and the intermedium (/.) Uniting the four 
elements above described with the metacarpals are three distal 
carpals (Fig. 10, 5, 4, ^), one of which is united with two of the 
metacarpals. On the anterior appendage are four digits, each 
of which is made up of an elongated metacarpal element (M.) 
and two short phalangeal elements (P.), of which the more 
distal tapers to an almost claw-like sharpness. The two middle 
digits which are of about the same length, are somewhat longer 
than the two outer ones. There is no sign, on the fourth digit, 
of the third phalangeal element described by Osawa in the Japanese 
salamander. The relative sizes of the metacarpal and phalangeal 
elements are about the same in each of the four digits. 

The Posterior Extremity. — The posterior extremity, consisting 
of the pelvic girdle and the hind legs, is a rather curious mixture 
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of cartilage and bone. Its structure, in general, agrees closely 
with the corresponding region in the Japanese species, as described 
by Osawa, except in regard to the epipubis, which is markedly 
diflFerent. 

The pelvic girdle will first be described. Taken as a whole, 
it has a roughly triangular form. The apex is formed by the 
anterioriy directed epipubis, while the basal angles are fonned 
by the dorso-posterioriy directed ilia. Its ventral surface is 
somewhat convex, and, along its posterior half, is marked by a 
slight, median, longitudinal ridge for the attachment of muscles. 
Its dorsal surface is concave, with the most marked concavity 
between the bases of the two ilia (Fig. 11). The greater part of 
the pelvis is made up of the pubis, which is divided into two parts, 
the pubis proper, and the epipubis. 

The pubis proper is a shield-shaped plate of cartilage (Fig. 11, 
P.), whose ventral convexity and dorsal concavity have been men- 
tioned in speaking of the pelvis as a whole. It is almost com- 
pletely divided into lateral halves by a median suture which is 
especially evident at the posterior end of the pelvis, between 
the two ischia (Fig. 11, S.). On each side of this suture, slightly 
anterior to the middle region, there is a small opening (Fig. 11, 
0. F.), the obturator foramen. The posterior comers of the pubis 
are elevated for the attachment of the ilia (/.), and under these 
elevations the deep, well developed acetabula are situated. 

Anteriorly, the pubis is prolonged into a long, cartilaginous 
epipubis (Ep.), which, instead of being forked as in the Japanese 
salamander and some other Amphibia, is a straight rod, slighdy 
broadened and flattened at its distal end and somewhat enlarged 
both laterally and dorso-ventrally at its attached end. The union 
of the pubis and epipubis is a close one, but allows considerable 
freedom of motion. 

Firmly united with the posterior end of the pubis, and continu- 
ous with it, are two oblong plates of bone, the ischia (Is.). To- 
gether, the ischia form a blunt, posteriorly projecting process to 
the pelvis. The ischia are separated along the middle line by the 
median suture, but their adjacent edges are not quite parallel, so 
that a slight cartilage-filled space is left between them at one place. 
There is also a small triangular piece of cartilage at their extreme 
posterior end. 
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The ilia (/.), like the ischia, are of bony consistency, except at 
their extremities, where there is a small amount of cartilage. They 
are somewhat curved in a postero-dorsal direction, and are con- 
siderably enlarged at their pelvic end, and less so at their sacral 
end. 




Fio. 11. — Posterior appendage, from the dorsal aspect. Cf., centrale fibulare; 
Ci., centrale tibialis; Dt., distal row of tarsal elements; Ep., eplpubls; F., 
femur; F6., fibula; F6'., fibulare; /., ilium; /n., intermedium; /«., Ischium; 
.v., metatarsus; Of., obturator foramen; P., pubis; PL, phalanges; S., su- 
ture; T., tibia; T/, tlblale. 

The femur (Fig. 11, F.) is rather more slender in proportion 
to its length than it is in the Japanese animal. Its proximal end 
is enlarged to form a round, cartilaginous head, which articulates 
with the deep acetabular cavity that has already been mentioned. 
On the ventral side, near the proximal end, is a sort of trochanter, 
or roughened projection for the attachment of muscles. The 
shaft tapers rapidly from the enlarged proximal end to about the 
middle length of the bone, where it is nearly cylindrical in cross 
section, and is not more than half the diameter of the head. The 
distal half of the femur is much broadened, in a dorso-ventral 
direction, and flattened in an antero-posterior direction. This 
marked flattening does not show in the figure because of the posi- 
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tion in which the leg is drawn. This distal enlargement of the 
femur is slightly convex on its anterior surface, and concave on 
its posterior surface. On the convex anterior surface is a very 
slight ridge, which is prolonged distally as an inconspicuous knob. 
Almost the entire distal end of the femur articulates with the tibia, 
but there is a small articular surface for the proximal end of the 
fibula. Between the distal end of the femur and the proximal 
ends of the tibia and fibula is a layer of cartilage of considerable 
thickness. 

The lower leg is made up of two entirely distinct bones, the 
tibia and fibula. Of these bones, the tibia (Fig. 11, T.) is larger 
and will be described first. It is considerably larger at its proximal 
than at its distal end, and forms almost the entire articular surface 
of the knee-joint. The proximal end is broadened and flattened 
in the same planes as is the distal end of the femur, with which it 
articulates. On the anterior surface of this end is a slight ridge, 
corresponding to the ridge that has been noted on the distal end 
of the femur. The shaft of the tibia tapers rapidly from the 
proximal end to a point a little beyond the middle of the bone, 
and then increases in size to form the somewhat flattened distal 
enlargement, which articulates with the tibiale andcentrale of 
the foot. The flattening of the distal end is in the same plane as 
that of the more enlarged proximal end. The distal, like the 
proximal end, is provided with a well developed plate of cartilage. 

The fbvla (Fig. 11, Fb,) is not so long as the tibia, and, as is 
shown slightly exaggerated in the figure, is strongly bowed on the 
tibial side. The side away from the tibia is only slightly bent, 
so that the bow is chiefly due to the shape of the surface next to 
the tibia. The enlargement at the proximal end is rounded, and 
articulates laterally with the side of the tibia and proximally with 
the distal end of the femur. The shaft of the bone is somewhat 
flattened, so that it is elliptical instead of circular in cross section. 
The distal end is more enlarged than the proximal, but is flattened 
instead of being rounded. At the extreme end of each flattened 
surface is an inconspicuous depression, not shown in the figure. 
The fibula, like most of the other bones that have been described, 
ends, both proximally and distally, in cartilage. 

The tarsiiSy like that of the Japanese species, is composed of 
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ten cartilaginous elements, which are arranged in two more or 
less definite groups, the proximal and the distal, with two elements 
in an intermediate position. Articulating with the tibia, or rather 
with the cartilage that tips the distal end of the tibia, is the tibicde, 
(T\) an irregular, elongated mass of cartilage. Attached in the 
same way to the fibula is the fbvlare (Fb/); and lying in an inter- 
mediate position and articulating more or less with tibia, fibula, 
tibiale, and fibulare is the angular intermedium (In.). The 
distal row of tarsal elements (Dt,) is composed of five masses of 
cartilage, all of about the same size, and each attached to the basal 
end of one of the metatarsal bones. These distal cartilages are 
smaller than the proximal. Between the proximal and the distal 
rows, are two small elements (sometimes fused into one) called 
by Osawa the '^centrale tibiale'* and ^'centrale fibiUare" (Ct and 

cf.)- 

The Tnetatarms (M,) is composed of five elongated, cylindrical 
bones, somewhat enlarged as usual at the ends. They are of 
nearly the same length, though the first (on the tibial side) is 
somewhat shorter than the rest, and the third and fourth are 
somewhat longer. 

The phalanges (PL) of the first, second, and fifth digits are 
made up of two elements, while those of the third and fourth 
digits contain three elements each. The terminal element of 
each digit is a pointed, claw-like structure. 



The Vascular System 

For the purpose of working out the course of the blood vessels 
the usual method of injecting the arterial and venous systems 
with masses of different colors was used. The injection of the 
arterial system was accomplished with but little diflSculty by 
inserting the cannula into the well developed conus arteriosus, 
and through it forcing the injection mass into all of the arteries. 
But the injection of the veins was a more diflScult matter, and 
will be described in connection with the description of those 
vessels. 
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The Arterial System 

From the anterior edge of the ventricle leads forward the thick- 
walled conus arteriosus (Fig. 12, T.). It is of considerable length, 
and is more or less bent towards the right. It becomes consid- 
erably enlarged anteriorly to form the conspicuous bulbus arte- 
riosus (B.). The bulbus arteriosus gives oflF from its anterior 
end, on each side, four branchial vessels (Fig. 12, /, ^, 3, 4), which 
diverge slightly as they pass towards the side. All four of these 
arches are united with one another, just beyond the gill cleft (G. C). 
but it is from the second and third that the real systemic arch (S.), 
is chiefly formed. This complicated arrangement of the branchial 
blood vessels is, in the main, similar to that described in the Jap- 
anese hellbender by Osawa, but differs considerably from the 
description given by Chapman ('93), also of the Japanese sala- 
mander. 

The first arch, which may be called the carotid, extends for 
some distance as a single vessel and then becomes slightly swol- 
len to form a sort of carotid gland (C. G,), similar to that found 
in the frog. From the median side of the carotid gland is given 
oflF an artery which is distributed to the hyoid apparatus and the 
floor of the mouth, and may hence be called the lingual (L.). 

Just beyond the carotid gland the arch divides and reunites 
again, giving oflF one or two small vessels to the neighboring parts. 
Then, after continuing for some distance as a single vessel, it 
divides into two vessels, the external and internal carotids (E. C, 
/.). Just before dividing into the external and internal carotids 
the arch is connected with the main systemic arch by a vessel that 
b called by Marshall the ductus Botalli, by Osawa the ramus com- 
municans (Com,), 

The second and third branchial arches (Fig. 12, 2, 5), after run- 
ning more or less parallel to each other to a point back of the caro- 
tid gland, unite to form the main systemic arch (S.). The third 
arch runs along the anterior margin of the gill cleft (G. C), and 
gives oflF, just before uniting with the second arch, a branch to 
the fourth branchial arch. This branch may be called the ductus 
Botalli (D. B.). 
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Fio. 12. — The arterial system, ventral aspect. A. M., anterior mesenteric; Ac, 
M., accessory mesenteric; A. Sc, anterior scapular; B., bulbus arteriosus; 
jBr., brachial; C. G.. carotid gland; C. Af., coeliaco-mesenteric; Com., ramus 
communicans; D., to dorsal region, near lungs; D. A., dorsal aorta; D. B., 
ductus Botalli; E. C, external carotid; Epi., epigastric; O. A., anterior geni- 
tal; 0a8., gastric; G. C, gill cleft; H., hyoid; Hep., hepatic; Hy., hypogas- 
tric; /..internal carotid; /{., iliac; L., lingual; Lm., lumbar; O. V., occipito- 
vertebral; P., pancreatic; P. A., pulmonary; Pe/., pelvic; P. ^pi., posterior 
epigastric; P. Af., posterior mesenteric; P. Sc, posterior scapular; S., sys- 
temic arch; <Sc.. scapular; iSci., sciatic; iS. C/., subclavian; iSp., splenic; T., 
conus arteriosus; U. (?., urogenital; Y., caudal; i, 2, 3, 4, first to fourth 
branchial arches. 
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A short distance beyond the point of union of the second and 
third arches, the systemic arch gives oflf a well marked vessel (H.), 
to the end of the hyoid apparatus, and some distance beyond this 
it gives off an occipito-vertebral artery to the vertebral column 
and occipital region (0. V,). After passing around to the dorsal 
side of the digestive tract, the two systemic arches unite, just above 
the heart, to form the dorsal aorta (D, A.). 

The fourth branchial arch passes just posterior to the gill open- 
ing, at the outer margin of which it is connected with the third 
arch by the ductus Botalli. Beyond the ductus Botalli it gives 
off an artery (Sc) to the region of the scapula, and then two 
small arteries (Z).) to the muscles of the dorsal part of the body 
in the region of the lungs. The main branch of this arch con- 
tinues posteriorly as the pulmonary artery (P. A.). 

Some variation in the relative sizes of the vessels of the bran- 
chial region occurs as well as some slight variation in their dis- 
tribution, but the normal condition is about as described above. 

The distribution of the blood vessels that arise as branches of 
the dorsal aorta will now be described. The aorta and its branches 
are so easily filled with the injection fluid that it is a comparatively 
easy matter to work out their distribution, especially in the abdom- 
inal region. In fact, the only part of the arterial system that offers 
any difficulty is the outer part of the visceral arches, in the region 
of the gill openings. 

The branches of the aorta will be described in order from before 
backward. The most anterior branches are given off in the 
region of the heart, as a pair of rather small arteries (Fig. 12, G, 
A.) which arise nearly opposite each other and extend in a pos- 
terior direction to supply the anterior part of the reproductive 
organs, especially the oviducts. 

A short distance posterior to the last described arteries, are 
given off the two svbclavians (S, Cl,)y the right vessel arising a 
little anterior to the left. As might be expected from the slight 
development of the anterior appendages, the subclavian arteries 
are comparatively small vessels. On reaching the shoulder gir- 
dle, each subclavian divides into four main branches. The most 
anterior of these {A. Sc) supplies blood to the region in front of 
the scapula. The next branch (Br.) is the brachial, and extends 
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into the fore leg. The third branch (P. Sc) extends to the region 
posterior to the scapula, and also probably, to the posterior bor- 
der of the fore leg. The most posterior branch of the subclavian 
(Epi.) runs in a posterior direction, and carries blood to the lat- 
eral part of the body back of the anterior leg; it is called by Osawa 
the epigastric. 

Some distance posterior to the subclavians is seen an unpaired 
vessel (Gas.) which sends branches to the lesser curvature of the 
stomach, and may be called the gastric. The next artery, which 
may be called the coeliaco-mesenteric (C 3/.), is a rather large one, 
and branches almost immediately into three parts. The most 
anterior of these branches (Sp.) supplies the greater curvature of 
the stomach, and also the spleen, and may be called the splenic. 
The second branch of the coeliaco-mesenteric divides into three 
smaller branches: a pancreatic (P.) supplying the pancreas; a 
hepatic (Hep.) supplying the liver; and a third branch, the an- 
terior mesenteric (A, 3f.), which carries blood to the anterior third 
of the small intestine. 

The most posterior of the three branches of the coeliaco-mesen- 
teric artery is distributed to the small intestine posterior to the 
region supplied by the anterior mesenteric; it is the first of several 
vessels that supply blood to the posterior two thirds of the small 
intestine, and that might be called accessory mesenteries (Ac. M.), 
There are three unpaired accessory mesenteries posterior to the 
one just described, and a fourth is formed as one of the two divi- 
sions of another unpaired branch of the dorsal aorta (Ac. M,). 
There are thus five of the so called accessory mesenteric arteries. 

The artery (P. il/.), with which the most posterior of the ac- 
cessory mesenteries unites to form a single vessel is the posterior 
or inferior mesenteric and supplies blood to the anterior third of 
the large intestine. Five or six rather large, unpaired arteries 
(jLm.) are given off by the aorta, at more or less regular intervals, 
between the origin of the cceliaco-mesenteric and the iliacs. These 
lumbar arteries pass into the body wall along the mid-dorsal line. 

Numerous pairs of urogenital arteries {U. G,) are given off by 
the aorta in the abdominal region, and supply the kidneys and 
reproductive organs. On account of the great elongation of the 
kidneys in a posterior direction, the last of the urogenital arteries 
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lie as far back as the cloaca or even posterior to it. In the neigh* 
borhood of the cloaca, the dorsal aorta gives oflF a pair of large 
arteries, the iliacs (IL) which are continued into the posterior 
appendages as the sciatic arteries (Sci.). Each iliac artery gives 
oflF, a short distance from its origin, a vessel, the posterior epigastric 
(P. Ejn.), which is chiefly distributed to the ventral body wall, 
but which also sends blood to the pelvic region (Pel.). A short 
distance distal to the posterior epigastric, each iliac gives oflF a 
small artery to the pelvic region. From the right iliac an addi- 
tional artery is given oflF, distal to those just described, to the 
bladder and the posterior end of the rectum. This is the hypo- 
gastric (Hy.). 

Posterior to the point of origin of the iliac arteries, the aorta 
continues backward, with diminished caliber, as the caudal 
artery (Y.) to supply blood to the tail. Besides several pairs 
of renal arteries, there is given oflF from the aorta, just back of 
the iliacs, a pair of arteries (Pe/.), to supply blood to the dorsal 
region of the pelvis. This completes the description of the more 
important vessels of the arterial system. Without stopping to 
describe the distribution of the more minute vessels, the venous 
system will now be described. 

The Venous System 

The venous system is much more diflScult to work out than the 
arterial system, due chiefly to the diflBculty of obtaining good 
injections, especially in the region anterior to the heart. 

The venous system, as described in this paper, will exhibit 
more diflFerences from that described by Dr. Osawa for the Jap- 
anese giant salamander than were seen in connection with the 
arterial system. The veins of the posterior region of the body 
were injected, without especial diflBculty, as follows: the abdom- 
inal vein was injected both forwards and backwards; the portal 
vein was injected forwards, beginning so far towards the tail that 
practically the entire system was filled; and the posterior vena 
cava was injected by cutting oflF the tail and inserting the cannula 
into the caudal vein. The veins of the anterior parts of the body 
were injected through the anterior vense cavse, and it was here 



Digitized by 



Google 



No. 472] ANATOMY OF CRYPTOBRANCHUS 317 

that the greatest diflSculty was experienced in getting the injec- 
tion fluid into the smaller vessels, in fact, it was only by repeated 
injections at various points that even the more important veins 
of this region could be filled. The posterior end of the posterior 
cardinal veins could not be filled with the injection mass, even 
after repeated attempts, so that the connections of these veins, 
if any exist, with the other veins of the abdominal region could 
not be made out. 

The conspicuous, thin-walled sinus venosus (Figs. 13 and 14, 
S. V,) into which the blood from the various parts of the body 
is emptied, is fomaed mainly by the union of three large veins: 
the two superior vense cavse (S. C), and the inferior vena cava 
(/. C). The pulmonary veins (L.), bringing blood back to the 
heart from the lungs, as their name would indicate, unite with 
each other dorsal to the sinus venosus, and empty into the latter 
at a point whose exact location is diflScult to determine on account 
of the small size of these pulmonary vessels. The superior vena 
cava of the right side seemed in most, if not all cases, to be attached 
to the apex of the ventricle. What the object of this attachment 
might be, was not determined. Each superior vena cava is formed 
by the union of the following veins: the innominate {In.) which 
is practically nothing more than the lateral continuation of the 
superior cava itself, the external jugular {E. J.), and the posterior 
cardinal (Car.). 

The external jugular collects blood chiefly from the lower side 
of the head, and is formed by the union of two veins which proba- 
bly correspond to the mandibular and lingual or laryngeal, though 
they could not be traced to their origin. 

The posterior cardinal (Car.) empties into the superior cava 
at a point nearly opposite the opening of the external jugular. 
Throughout most of its course it lies deeply buried in the muscles 
of the dorsal body wall, and, as has been said, its extreme poste- 
rior termination could not be determined, owing to the impossi- 
bility of obtaining a complete injection. It was traced back- 
ward as far as the anterior end of the kidney, but whether beyond 
that point it is simply lost in the body wall or is connected with 
some of the veins of the abdominal region, could not be deter- 
mined. Near its anterior termination the posterior cardinal is 
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joined by a vessel (S.) from the region of the shoulder, and a 
short distance posterior to this point it is connected, by a sort 



Br 




FiQ. 13. — The venous system, ventral aspect, ii., abdominal; Br., brachial; C, 
caudal; Car., posterior cardinal; Cu.. cutaneous; J?. 7., external Jugular; O., 
genital; /. C, inferior cava; /. G.. inferior gastric; /. 7.. internal Jugular; //., 
iliac; /n., innominate; 7. V., vein of Jacobson; L., pulmonary; Af., mesen- 
teric; O., oviduct; P., portal; Pn., pancreatic; R., parietals; S. C, supe- 
rior vena cava; S., from shoulder; Sp., splenic; S. V., sinus venosus; V., ver- 
tebral; Vs., from urinary bladder; X., plexus. 

of simple plexus of veins (A".), with the brachial vein (Br.) which 
brings blood to the heart from the anterior appendage. To the 
brachial and to the plexus of veins just mentioned, are added a 
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number of small veins from the region of the shoulder. The 
innominate vein (In.) is formed by the union of the internal 
jugular (/. J.) and the brachial (Br.). The main branch of the 
former returns blood from the interior of the skull, and is joined 
shortly before its union with the brachial, by two smaller vessels 
(Cm.), leading from the side of the head. The brachial, as might 
be expected from the small size of the fore leg, is a comparatively 
small vein. This completes the description of the vessels con- 
nected with the superior vense cav8e,as the vessels of the two sides 
of the body in this region are alike. 

The veins of the abdominal region will now be described. 
Since these vessels are usually injected without difficulty, their 
distribution may be made out with comparative ease. One of 
the largest and most noticeable veins in the body is the abdominal 
(A.). It adheres closely to ventral body wall, slightly to the 
right of the median line, and, unless care be taken, may easily 
be cut in opening the abdominal cavity. In the diagram it, like 
the veins from the stomach and intestines, is for the sake of clear- 
ness drawn towards the side. Posteriorly it is formed chiefly 
by the union of the two iliac veins (7f .), a union which takes place 
just anterior to the cloaca (do.). The iliac veins return the blood 
from the posterior appendages, and, like the brachial veins, are 
of comparatively small size. A short distance anterior to the 
point of union of the iliac veins the abdominal vein receives a 
very small vein (Vs.) from the urinary bladder. Into the most 
anterior quarter of the abdominal vein, near to its junction with 
the liver, empty several (eight or nine) veins, the parietals (R.), 
which return blood from the ventral body wall. Anteriorly, the 
abdominal vein enters the liver, a little in front of the apex, and 
becomes broken up into capillaries, though it may be traced along 
the ventral surface of the liver for a considerable distance in an 
anterior direction. 

The arrangement of the veins from the stomach and intestines, 
the hepaiic'portal system, is rather peculiar, and will now be 
described. The blood from practically the entire length of the 
intestines, both small and large, is collected by a single vein (M.) 
which may be called the mesenteric. A short distance posterior 
to the liver, this vein unites with the splenic vein (Sp.) to form the 
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main branch of the portal vein (P.) through which the blood finds 
its way into the liver. The splenic vein, as its name would indi- 
cate, collects blood from the spleen, but it brings blood also from 
the middle region of the stomach. The greater part of the blood 
from the stomach is collected into two well marked veins, the 
superior and inferior gastrics {S. G., /. G.) which empty into 
that part of the abdominal vein which has already been described 
AS extending for some distance along the ventral side of the liver. 
Of these two gastric veins, the inferior is the larger, and empties 
into the abdominal vein at some distance behind the superior 
gastric. Emptying into the abdominal at almost the same place 
with the inferior gastric, is a vein of considerable size, the pan- 
creatic (Pn,). The portal vein proper, then, brings blood to the 
liver from the intestines and the spleen; but most of the blood 
from the stomach and apparently all that from the pancreas is 
carried into the liver through the abdominal vein. 

It now remains only to describe the system of the inferior vena 
cava, and especially that part of the system that lies posterior to 
the liver. The blood from the tail is collected into a caudal vein 
(C) that, after entering the abdominal cavity, becomes the in- 
ferior or posterior vena cava (7. C). This posterior part of the 
inferior cava lies between and slightly ventral to the kidneys, and 
is so closely associated with these organs, from which it receives 
numerous veins, that its individuality as a distinct vessel seems 
almost lost. Extending along the distal sides of the kidneys, and 
connected at frequent intervals by small vessels with the inferior 
cava, are the more or less distinct veins of Jacobson (J. V.). Each 
vein of Jacobson receives about six vertebral veins (V.) from the 
corresponding side of the vertebral column. On account of the 
great number of the renal veins and the close attachment to the 
kidneys of the veins of Jacobson, the details of these veins are dif- 
ficult to determine. 

The blood from the reproductive organs is emptied into the 
inferior cava through several pairs of genital veins (G.), some of 
which lie anterior to the kidneys while some cross the anterior 
ends of these organs to reach the inferior cava. In the female, 
A comparatively large vein leads from the anterior end of each ovi- 
duct to empty into the inferior cava just behind the liver (0.). 
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The inferior cava enters the liver near the apex of the right lobe. 
By carefully dissecting away the substance of the liver, the course 
of this large vein may be followed entirely through that organ. It 
extends in a nearly straight line through the dorso-lateral part of 
the right lobe, and emerges from the anterior surface of the liver 
as the large thin-walled vessel that empties into the heart. Just 
before, or at about the time of its emergence from the liver, it is 
joined by the large hepatic vein, so that that part of the inferior 
vena cava which is anterior to the liver is many times as large as 
that part which is posterior to the liver. This completes the de- 
scription of the more important peripheral vessels of the vascular 
system; and it now remains to describe the structure of the heart. 

The Heart 

The heart lies far forward in the body, just anterior to a line 
joining the front legs. It is protected ventrally by the broad 
underlying cartilages of the procoracoids and the sternum, to 
which it lies so close that they must be removed with some care in 
order not to cut into the pericardial cavity. The size of the heart 
is moderate in relation to the size of the entire animal, and seems 
to vary considerably, even in animals of the same approximate 
size. It has the vitality usually seen in cold-blooded animals, 
and will continue to beat for a considerable time after being re- 
moved from the body, or after being filled with the injection fluid. 

External Anatomy. — When seen from the ventral aspect (Fig. 
14, A), it presents six main regions: the conus arteriosus, the 
bulbus arteriosus, the ventricle, the right and left atria or auricles, 
and the sinus venosus. These regions may be seen from the dorsal 
aspect as well, if the heart be dissected from the body (Fig. 14, 
B), and they will now be described in turn. Their form and rela- 
tive size will vary somewhat, of course, with their state of disten- 
sion at the time they are sketched. The heart from which the 
figure was made, was moderately well filled with the injection 
fluid, and diflFers considerably in general appearance from Osawa's 
figures of the heart of the Japanese salamander. 

The bulbus arteriosus (5.), to begin at the most anterior region 
of the heart, is a striking object, seen on removing the skin and the 
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cartilages of the pectoral girdle from the ventral side of the throat. 
It is of a whitish color, and its walls are tough and thick. Anteri- 
orlyjit divides to form the arterial arches of each side, and posteri- 
orly it narrows suddenly to form the truncus, which connects with 
it at somewhat of an angle, instead of entering exactly in the middle 
line. Its ventral surface is smooth and even, while its dorsal sur- 
face may be more or less grooved longitudinally, as seen in the 
figure. In cross section it is elliptical, and is compressed in a 
dorso-ventral direction. 
The conus arteriosus (0.) is a well marked tubular structure 
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Fio. 14. — The heart. A, ventral. B, dorsal aspect. B., bulbus arteriosus; C, 
conus arteriosus; L., left auricle; L. C, left anterior vena cava; PtU., pul- 
monary; R., coronary vessels; R. C, right anterior vena cava; S. F., sinus 
▼enosiis; V., ventricle. 

leading from the anterior angle of the ventricle, and becoming 
enlarged at its anterior end to form the bulbus arteriosus that 
has just been described. It is unusually long, and its cylindrical 
shape and tough walls make it an excellent place into which to 
insert a cannula for the purpose of injecting the arterial system. 

The ventricle (F.) is a thick-walled structure of a markedly tri- 
angular form, especially when seen from the ventral side (Fig. 14, 
A), with the apex of the triangle towards the head, where it opens 
into the truncus arteriosus. Owing to the thick muscular walls 
the ventricle remains smooth and of about the same size and shape 
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whether it be empty or distended. It forms the right anterior 
quarter of the heart, and lies somewhat ventral to the other parts 
of that organ. 

The left auricle or atrium (L.) forms the left anterior quarter of 
the heart, and is its largest division, though on account of its thin 
distensible walls this chamber may vary considerably in size. Its 
walls are usually wrinkled and uneven, and its outline is more 
rounded than that of the ventricle, though the entire outline cannot 
be seen in either a dorsal or a ventral view, since the chamber is 
partially covered dorsally by the left auricle, and ventrally by the 
ventricle. At some point on its dorsal side the vein (Pvl.) formed 
by the union of the two pulmonary veins probably enters it, but, 
on account of the very small size of this single pulmonary vein, its 
exact point of entrance could not be determined with certainty, 
and so has not been indicated in the figure. The size of the pul- 
monary veins in the figure has been exaggerated. The anterior 
edge of the left auricle lies nearer the head than any other part of 
the heart except the bulbus arteriosus. 

The right auricle (R. A,) lies dorsal and posterior to the ven- 
tricle and the left auricle, so that in a ventral view of the heart 
only the posterior half of this chamber shows. Owing to its very 
thin walls and to the large opening of the sinus venosus it has no 
very definite shape. It is depressed in a dorso- ventral direction, 
and its greatest diameter is from side to side. Into its antero- 
lateral corners open the right and left anterior vense cavce (R, C, 
L. C), while posteriorly it is separated by only a slight constric- 
tion, externally, from the sinus venosus which in turn is continued 
back as the posterior vena cava. Extending longitudinally across 
the dorsal wall of the right auricle, and closely attached to it, is 
the pulmonary vein (Pid.), formed by the union of the two small 
veins from the lungs. 

The sinus venosus (S. V.) is merely the enlarged anterior end 
of the posterior or inferior vena cava. Its walls are extremely 
thin, and its size and shape will depend upon the amount of fluid 
it contains. Blood vessels to supply the walls of the heart may 
be seen at several places, and are shown in the figure at R. 
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APPLICATION OF DE VRIES'S MUTATION THEORY 
TO THE MOLLUSCA 

FRANK COLLINS BAKER 

Probably no work since the publication of Darwin's Origin 
of Species has produced such a profound sensation in the biological 
world as the work entitled Die Mutationstheorie, by Hugo de Vries. 
A perusal of that work (or, perhaps better for those not having the 
time, the shorter work Species and Varieties; their Origin by 
Mutation) leads the zoologist to ponder upon the question as to 
how far these theories may be used in connection with animal 
fonns, especially with the invertebrates. Much experimentation, 
covering a long period of time, must be done, however, before 
anything definite can be accomplished. De Vries spent twenty 
years raising and studying primroses. The zoologist must do 
likewise and study some conunon forms for a long period, breeding 
them under conditions conforming as closely as possible to the 
natiu*al environments of the organisms. The question of ele- 
mentary species and varieties is one which would seem to have a 
meaning in botany somewhat different from the use of the same 
terms in zoology, in fact, in some of the Invertebrata (the MoUusca, 
for example) there would seem to be no distinction between an 
elementary species and a variety, the terms being synonymous. 
However this may be, it would seem that to the MoUusca the 
de Vries theory might be applied with some interesting results. 
The writer would ask the question: Are not many of the varia- 
tions of the MoUusca produced in the manner outlined by this 
new aspect of evolution? The writer does not feel warranted 
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in answering this question in the affirmative, but he does believe 
that the illustrations which follow are suggestive and certainly 
point to some such derivation. It is not held, even by de Vries, 
I take it, that the mutation theory is to supplant or take the place 
of the older evolution by whose slow and gradual processes 
(natural selection, survival, environment, distribution, etc.) the 
present state of animal and vegetal matter has been reached, but 
as an additional process in that great scheme of life. 

In certain moUusks the species seem to be unstable, that is, 
they have a tendency to vary, not in a given direction but in many 




Fio. 1. — Lymncea palustris MuUer, from Halma, Minnesota. Note the wide range 
of variation in the form of the shell. Enlarged. 

directions at the same time. These seem to come under the head 
of mutants, or sports. The fresh-water pulmonates belonging 
to the genus Lymntea are examples of this class and every species 
which has been studied in any quantity has been found to vary 
in this manner. Lymncea pcdustris Miiller ( = elodes Say) is one 
of the most notably variable, and its mutations are many and 
marked. Fig. 1 represents a set of ten shells of this species col- 
lected by Mr. I^. E. Daniels in Muskag swamps, Halma, Minne- 
sota. They vary from a long, narrow shell, with elevated spire 
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(1) to a fat, robust shell, with a comparatively short spire (10). 
In some specimens the whorls are flat-sided (4), while in others 
they are convex, especially the last, which is very convex (3, 10). 
The columella plait also varies in size and elevation and the 
sutures vary in the degree of impression (compare 3, 4). Several 
of these mutations, if we can so designate these variations, have 




Fio. 2. — Lymnaa palustria Miiller, from Sugar Island, Alpena, Michigan. Enlarged. 

been described as species or varieties; thus 10 is Lea's nnitalliana 
and 1 is Say's elodes. It will be seen that no line can be drawn 
between 1 and 10 in the presence of the intervening figures. Take 
away these connecting links and a very distinct variety remains. 

In the MoUusca the factor of geographic variation plays a very 
important part. The shells from the locality illustrated in Fig. 1 
are rather small, measuring 23 mm. in length. Fig. 2 illustrates 
the same species from Sugar Island, near Alpena, Michigan (col- 
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lected by Dr. W. A. Nason); the shells are much larger than 
those of Fig. 1, and measure 30 mm. in length. It will also be 
noted that the variation in this lot of shells is not so marked as in 
those illustrated in Fig. 1. There is considerable diflFerence 
between the extremes but the majority of specimens conform 
more or less to a single type, the large, corpulent form. A study 
of several hundred specimens from each locality shows that each 
lot varies a certain percentage toward a given form. In lot 1, 
(Fig. 1), the variation is 75 percent toward no. 1, while in lot 2 
(Fig. 2) the variation is about 60 percent toward no. 8. Without 
more data to disprove it, this would seem to point to the fact that 
the species of each locality varies toward a definite form. In lot 
no. 1 the dominant form is palustris, while in lot no. 2 the domi- 
nant form is ntUtalliana. 

The interesting fact in connection virith all this is (and this is 
where de Vries's mutation theory seems applicable) that all the 
forms illustrated will develop from the same egg capsule. The 
eggs laid by ntUtalliana will produce narrow palustris as well as 
the fat parent form, while the narrowest palustris will likewise 
produce the fattest nuttalliana. May this not be an illustration, 
also, of two types (although this subject is treated under ever- 
sporting varieties by de Vries) which he calls poor races and rich 
races. In Fig. 1, 75 percent of the progeny are palustris (assum- 
ing that the parent was a palustris form) and are of the rich race, 

while in Fig. 2 (as- 
suming the parent to 
be palustris) the prog- 
eny are of the poor 

Fig. 3.- Variation mValvata. 1. F. ^cartnato Say. form, Ouly 40 percent 
2. V. tricarinata confusa Walker. 3. V. bicarinata being the palustris 
Lea. 4. V.bicarinata normalisV/aXkeT. Allenlar^. - ^r*, . , 

form. This, however, 
is only hypothetical in this case. Nothing but actual experimenta- 
tion can give accuracy to this phase of the subject. 

In some other groups of shells the variation is along certain 
definite lines and the species seem to be more stable. For example, 
among the land shells Polygyra profunda and Pdygyra muUiliu' 
eaia vary in lacking or having bands, the uniform varieties being 
light (albino) or dark. Polygyra tridentaia varies in its aperture 
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from no teeth through one, two, to three teeth. Some of the forms 
of Polygyra may be perforate or imperforate (Polygyra monodon, 
for example). In Valvata (Fig. 3) the variation seems to be still 
more marked, the variant being in the number and position of the 
earinse; for example, Valvata tricarinata has three earinse (1); var. 
confusa has two carinee (2) and another variety has one carina. 
So also with Valvata bicarinata, which has two carinse (3) while 
the variety normalis has three carinse (4). Vivipara cantedoides 
is another example in point, the typical form being banded, while 
a variety is without bands. These variations would seem to con- 
form to de Vries's retrograde varieties, differing from the parent 
species in the absence of one or two characters. The- majority of 
the latter examples are true varieties, lacking some characteristics 
of the type form, while the variations of Lymnsea are mutations 
combining most of the characteristics of the parent form. It is 
to be noted, however, that these two conditions overlap each other, 
so that no sharp and fast line can be drawn between them. 

Some of the paleontologists have hailed de Vries's theory with 
delight, for they say that it is only in the light of such a theory 
that the sudden appearance of marked types in certain ancient 
faunas becomes intelligible. May it not also account for the 
finding of certain new species in regions supposed to have been 
thoroughly explored? May it not also account for the sudden 
disappearance of certain species, the mutations dying out but 
the parent form still continuing? A case in point is Lymnma 
shurtleffi described from an artificial pond at Weatogue, Hartford 
Co., Connecticut. This species was found in large numbers, 
together with a new variety of Planorbis (P. circumatrialus Try on). 
The finding of this Lymneea is thus described by Mr. Tryon : ^ — 

"The circumstances under which this and the following species 
were found are so peculiar that it is with great hesitation that I 
have ventured on a description of either of them. That new 
species of these shells should exbt undetected in sections of the 
United States which have been so well explored by assiduous 
naturalists would be surprising; but in the present instance the 
almost irresistible supposition is, thai these species are of very 

^Amer. Joum. Conch., vol. 2, p. 112, 1866. 



Digitized by 



Google 



332 THE AMERICAN NATURALIST [Vol, XL 

recent origin [italics mine] in fact, contemporaneoics with that of 
the body of water which they inhabit, I have looked in vain for 
some evidence upon the specimens themselves of the effect of 
some strong local influence. The species are so distinct that they 
afford no clew to a possible derivation from others. 

"In conclusion, I present the following interesting particulars: 

"Extract from a letter from the late Dr. S. Shurtleff to Isaac 
Lea, Esq., Weatogue, Hartford Co., Connecticut, November 22, 
1865. 

"In the summer of 1860 I made an excavation some two rods 
below a spring that flows about eight months in the year. The 
spring comes from a neighboring hill. The overiying rock is 
New Red Sandstone. From the time of the excavation till the 
summer of 1864 there was water in the artificial pond. It was 
dry in 1864, but I did not examine for shells, as before the excava- 
tion I had repeatedly examined the spring, but never found shells 
of any description. 

"After my return from Pennsylvania, in September, 1865, 
accidentally crossing the pond, which was dry, I noticed quanti- 
ties of shells clustered in the hollows. I gathered a few and laid 
them by for leisure examination; when I came to look at them 
again I found L, umbrosa, as I supposed, as well as a non descript 
species. I immediately went to the pond and secured all the 
Lymnaeans I could find — some alive and many dead; and, fearing 
the dry season would destroy them all, I put many of the living 
shells into a pond that I have since made, that will never dry up. 
I may have collected 50 specimens of L. umhrosa ( ?) and of other 
specimens a half-pint. 

"How these shells came into the pond is as much a matter of 
surprise to me as it is to you. I have no knowledge that there 
was ever a shell put into the pond. 

"One fact more. The spring and pond are perfectly isolated, 
as the overflow disappears at the edge of a sandy plain in less than 
ten rods from its fountain head, and there is no stream of perpetual 
running water within one mile of it. The Farmington River is 
about a mile distant in the valley below, and here the only species 
yet found are Lymncea columella Say, Physa heterostropha Say, 
Planorbis hicarinalus Say, Vivipara decisa Say, Unio complanatus 
Solander, and Unio radiatus Lamarck. 
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"The pond is two hundred feet above the bed of Farmington 
River." 

Tryon says: "Besides the above two species I found a single 
specimen of Lymncea umbrosa Say, and several of L. desidiosa 
Say." 

From the foregoing account it would appear that shurtlejfi 
(Fig. 4) was an offshoot (or mutant, if we apply the de Vries 
theory) of umbrosa^ (= elodes = paliLstris), that being the only 
other species present (save desidiosa, which belongs to quite 
another group of Lymnseas). It may be thought by some that 
shurtlejfi might have been produced by un- 
favorable conditions, but as the shells, one 
of the original lot of which was recently 
examined by the writer, are perfect and not 
distorted, this could hardly have been the 
case. All the evidence points to the con- 
clusion that shurtlejfi is a new species evolved 
or given off from jxdustris. The short, acute 
spire, subcylindrical, compressed body whori, 
the partly open umbilicus, and the long and 
narrow aperture are the principal character- 
istics of the new species. 

The foregoing remarks are not made with 
the idea of fastening the mutation theory 
upon the MoUusca, but only to call attention 
to these apparently analogous cases of mutation and variation 
to the end that other zoologists may take up the matter and by 
experimentation and by the study of abundant material from 
various localities gather a large amount of data bearing upon 
this theory as applied to the MoUusca. 

While the mutation theory seems to fit in very nicely in explain- 
ing the very large amount of variation in the fresh-water pulmon- 
ates, we must not be too hasty in applying this new theory, founded 
as it is upon plant variation, to animal life. Dr. J. A. Allen, in a 




Fig. 4. — Lymnaa shttrt" 
leffl, Tryon. Cotype. 
From Weato^e, Con- 
necticut. Enlarged. 



^Umbrosa is placed by some conchologists in the synonymy of reflexa. I 
have examined the type specimens in the Philadelphia Academy and they 
are good examples of elodes. 
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recent number of Science^ calls attention to the danger of accepting 
this hypothesis without more conclusive proof, and I cannot do 
better than to close this communication with his remarks. He 
says: "While the mutation theory may be a good hypothesis to 
consider in respect to these peculiarly unstable groups of birds, 
it must be noted that the method of their origin and the results, 
as now known, are very unlike the methods and results of muta- 
tion in plants, as made known by de Vries. The facts and condi- 
tions are not to any great extent parallel. Instead of the resultant 
'mutants^ remaining constant and breeding true, as in the case of 
primroses, they are in this case unstable and are believed to inter- 
breed freely with each other and the parent stock." 

I am indebted to the following gentlemen for assistance in the 
preparation of this piEtper: Dr. Henry A. Pilsbry, Academy of 
Natural Sciences, Philadelphia, Pa., for the loan of a type speci- 
men of LymruBa shurtlejfi; Mr. L. E. Daniels, La Porte, Indiana, 
for specimens of L. palvMris from Minnesota; Dr. W. A. Nason^ 
Algonquin, Illinois, for specimens of L. palustris from Michigan; 
and Mr. Frank M. Woodruff, Chicago Academy of Sciences, for 
making the excellent photographs which illustrate this paper. 

CmcAOo Academy of Sciences 

»"The Probable Origin of Certain Birds." Science, n. s., vol. 22, p. 431^ 
1905. 
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NOTES ON THE GENUS LEPTOPHRYS 
WILUAM A. KEPNER 

In the year 1869 Hertwig and Lesser published in the Archiv 
fiir mikroskopische Anaiomie (Supplement zu Banden 1-8) an arti- 
cle entitled **Ueber Rhizopoden und denselben nahestehende 
Organismen." On page 57 of this volume they describe a new 
genus which they name Leptophrys. The following is their diag- 
nostic description of this genus: "Body variable in form, sheet- 
like with processes put out, pointed and unbranched pseudopodia, 
which are chiefly found at the end of the processes; the paren- 
chyma is filled with small non-contractile vacuoles neariy equal 
in size"; and though they saw but three bodies in a single indi- 
vidual which they took to be nuclei and failed to see nuclei in any 
otherspecimens, they add: "Nuclei in great number." The color 
or its absence in the "pearl-like" granules served them as a basis 
for distinguishing the two species, L. cinerea and L. degans. 

In December, 1904, I discovered in some water taken by Mr. 
William G. Lapham from an oozy bank near Afton, Virginia, a 
large Vampyrella-like specimen (Fig. 1), which except for the ab- 
sence of nuclei and the variable size of the vacuoles answered in 
detail to Leptophrys elegans. In size the creature would cover a 
circular surface whose diameter was 80 micra. It was very active, 
constantly changing its form laterally, though dorso-ventrally it 
maintamed a film- or sheet-like structure which was about 5 or 10 
micra thick. The protoplasm was highly vacuolated by non- 
contractile vacuoles. The degree of vacuolation varied at dif- 
ferent stages of vital activity. When most highly vacuolated the 
vacuoles approached equality in size. The body was also marked 
with numerous, more or less equal, "pearl-like" granules. The 
rather short, unequal, pointed, and unbranched pseudopodia were 
given oflf from the margin of the body. They contained no vacu- 
oles nor refractive granules. When vacuoles and refractive gran- 
ules were pushed out they formed processes which might bear one 
or more pseudopodia. Most of these were given oflF from an ab- 
solutely transparent marginal layer of protoplasm. Subsequently 
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numerous specimens were found which did not show such a clear 
margin. Many specimens were seen which were quite free from 
food particles, but no staining of these would bring out a differen- 
tiatidn between the refractive granules and what might have been 
taken for nuclei. The figure of Hertwig and Lesser leads me to 
suspect that what they had taken for nuclei with central ** nucleoli" 
were monads ingested as prey. It is unfortunate that they did not 
state how they determined these bodies to be nuclei. 

Locomotion is effected by a more or less active amoeboid move- 
ment. An active large individual tosses itself about very much as 
a cloud of smoke is distorted by a current of air. On the other 
hand the movement may be slow and deliberate. 

The large individual represented in Fig. 1, took in as food dia- 
toms, desmids, and what may have been several Infusoria. On 
March 22, 1905, in a bottle, that since March 12 had contained 
living Chiamydomonas reticidatay I found numerous specimens 
some of which belonged to L, cinerea and others which I had to 
place under the species i. elegans. They were feeding upon the 
Chlamydomonads. In one case I saw an individual that had 
ingested at least 25 Chlamydomonads. These flagellate forms 
after being ingested were greatly reduced in size. One specimen 
was found which had ingested a single Navieida sp. The inges- 
tion of food was carefully observed. It was done, so far as could 
be seen, just as an Amoeba envelops its food, but the closing of the 
ectosarc about the prey in the fashion of an iris diaphram could 
not be made out. The food appeared to be partially digested 
while the animals moved about. This inference is based upon 
the broken-down appearance of the ingesta. The food is eventu- 
ally assembled into a common vacuole more or less centrally dis- 
posed. 

Some time after the animal has gorged itself with food, or formed 
a central common vacuole of food, it withdraws its pseudopodia 
and enters into an encysted condition. Numerous cysts have 
been seen and studied. A single individual has been observed 
ingesting food and was followed through its complete encystment. 
From the time when the animal had quieted down and ceased to 
ingest food to when it left the cyst, a period of five hours had elapsed. 
The cyst varies in size and shape, depending upon the size of the 
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animal and the amount and form of the food. When the food 
vacuole contains rounded bodies like Chlamydomonads the cyst 
is spheroidal in form (Figs. 5 and 6). One animal was seen 
encysted about a single Navicida sp. In this case the cyst was 
oval (Fig. 4); in Fig. 2 is shown an encysted individual which had 





2 3 

Fios. 2 and 3. — Scale: 1 mm. = 1.18 micra. 

a food vacuole of numerous long bodies that determined an elon- 
gated cyst. The animals vary greatly in size. Fig. 1 represents 
an individual that is somewhat larger than the average; the cysts 
of course are found to vary as greatly in size. 

Upon encystment the animal b colorless or nearly so (Fig. 5). 
During encystment a color is assumed in some cases, which seems 
to depend upon the character pf the food that is being digested. 
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In cases where Chlamydomonads were being digested and reduced 
in size the food lost its green color and gradually became dark 
brown (Figs. 5, 6). As this proceeded the refractive granules 
and the protoplasm took on a brownish tint, which was evidently 
due to products of assimilation (Figs. 6, 7). On the other hand 
in two observed cases where diatoms, desmids, and Infusoria were 
being digested, no coloration was noted (Figs. 2, 4). During the 
early part of the encystment the vacuoles are not conspicuous. As 
the end of the encysted condition approaches the vacuoles become 
more prominent. The cyst may rupture at one, two, three, or 
four places, and the contents escape through the clefts. In the 





4 5 

Figs. 4 and 6. — Scale: 1 mm. = 1 micron. 

large cyst shown in Fig. 3 the protoplasm streamed out at a cleft 
in the apparent upper right hand comer of the cyst. As the pro- 
toplasm flowed out it broke accidentally into four greatly unequal 
portions. Each part, though no two were equal in. size, became 
a complete individual. These daughter individuals were almost 
colorless. In the forms that had been feeding upon Chlamy- 
domonas the contents emerged at two, three, or four clefts in the 
cyst membrane (Fig. 7). In all these cases the daughter individ- 
uals came out of the cyst colored light brovm. As they lived an 
active life their color decreased. Beneath a single cover-glass all 
degrees of coloration were easily found. The transparent ones 
answered to Hertwig and Lesser's description for L. elegans. The 
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brown ones as they leave the cyst, I take to be their L. cinerea. In 
as much as they had not seen any specimens ingest food and had 
observed no encystment I am led to believe that what they studied 
and described as two species were but diflFerent nutritive conditions 
of individuals of the same species. 

In November, 1904, Mr. Lapham observed a large coloriess 
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Flos. 6 and 7. — Scale: 1 mm. = 1 micron. 

individual divide into daughter parts of protoplasm to each of 
which the food enclosures had been equally distributed. In March, 
1905, I observed one of the individuals found living with Chlamy- 
domonas reticulata divide into daughter forms. The process was 
rather slow. It began with the formation of two fan-shaped parts, 
connected by a wide neck (Fig. 8). This neck became more and 
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more attenuated until at the 
end of 35 minutes there was 
the merest strand of proto- 
plasm connecting the two 
parts, which had now moved 
500 micra apart. This strand 
suddenly snapped and the 
fragments moved away as two 
new individuals. While this 
process was going on one of 
the parts ingested a Chlamy- 
domonas. Except for this 
there was not a trace of 
ingesta within the dividing 
protoplasm. 

These observations seem to 
afford reasons for setting aside 
Hertwig and Lesser's two spe- 
cies, L. cinerea and L. elegans; 
and the fact that, although 
there was ample opportunity 
to demonstrate nuclei such as 
Hertwig and Lesser describe 
as seen in part of a single in- 
dividual, no evidence of their 
presence was obtained, leads 
to the conclusion already sug- 
gested by Penard that the genus 
Leptophrys is but a synonym 
for a species of Vampyrella. 

The variation in the form 
of the cysts of this Vampyrella 
and the two cases of binary 
fission, independently observed 
by Mr. Lapham and myself in 
this species, are of interest. 
Attention is also called to the 
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apparently accidental divbion of protoplasm that takes place where 
there is no centralized nucleus. 

I am indebted to Mr. A. H. Tuttle, of this laboratory, for sug- 
gestions of value to me in preparing this article. 

University of Virginia 
Biological Laboratory 
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EGG-LAYING OF CRAYFISH 
E. A. ANDREWS 

In crayfish, as in related Crustacea, the eggs Are carried fastened 
to the luhbs of the abdomen during the long period of develop- 
ment that precedes their hatching. As the openings of the ovi- 
ducts are upon the thorax, the eggs have to be transported some 
distance to reach the abdominal limbs. It is the {Purpose of this 
article to describe some of the activities of the female associated 
with the extrusion of eggs from the oviducts, their transportation 
to the limbs of the abdomen, and their fixation there. 

In a crayfish in France, a species of Astacus, some of the behav- 
ior of the female in laying was long since made out by Chantran 
(Compt. Rend. Acad. Set. Paris, vol. 71, pp. 43-45, 1870; vol. 74, 
pp. 201-202, 1872) in his long continued and careful study of the 
life history of the crayfish. His too brief statements are as follows. 
The female crayfish stands up and for several hours secretes a 
viscid mucus from the limbs of the abdomen. It then lies down 
upon its back with the abdomen bent forward toward the open- 
ings of the oviducts, in such a way as to form a sort of chamber, 
in which, on the following night, the eggs were received as they 
were expelled from the reproductive organs. In different females 
the expulsion of eggs lasted from one to several hours. The 
eggs were plunged into the mucus which, as it were, bound the 
edges and the end of the abdomen to the thorax and also helped 
to itnake the boundary of the above mentioned chamber or basket. 
In this chamber there was some water as well iw eggs and mucus. 
All the eggs were laid at one period and rarely were any laid in 
the day time. 

Observations upon the laying habits of an American crayfish, 
Cambarus ajfinis, as published in this journal {Amer. Nat., vol. 
38, pp. 165-206, 1904) showed a close agreement with the above 
account. Renewed observations upon the same species in April, 
1904, have added more details and verified suppositions previously 
made to bridge over gaps in observation of actual extrusion and 
transport of eggs. 
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The activities of the female connected with egg-laying may be 
divided, for convenience of description, into four periods. First, 
the preparatory cleansing of the under side of the abdomen and 
thorax. This lasts foiu* or five days and has been described in 
the previous paper. Second, the period of secretion of mucus, 
or "glairing" as we may call it, to be described below. Third, 
the period of actual extrusion of eggs, previously inferred but 
described below as actually seen. Fourth, the rhythmic alter- 
nation of position of the body, or "turning," lasting several hours 
and described in the previous paper. 

All these processes precede the long care of the ^gs as they 
hang fastened to the abdominal legs for from five to eight weeks 
till they hatch, after which there is a brief period of association 
of female and young before the latter scatter and become inde- 
pendent. 

The least well observed process is that of secreting glaire from 
the glands of the abdominal appendages and sterna. It always 
follows the long and very laborious cleansing of those surfaces 
and immediately precedes the extrusion of eggs so that as soon 
as the glaire is ready and the female properly posed, the eggs pass 
out into the glaire, one period passing insensibly into the other. 
At the time of secretion the female is still easily alarmed and 
moreover the glaire is at first seen with diflSculty as it is like water 
in refraction, so that in most cases the "glairing" period escaped 
observation. But as far as was made out the secretion of the 
glaire took less than half an hour, though Chantran speaks of 
Astacus as secreting mucus for several hours. Possibly some 
of this time was taken up with "cleansing," which has not yet 
been noticed in Astacus. But if there is an actual time difference 
between Cambarus and Astacus it may be due to differences in 
temperature since Astacus lays in winter and this Cambarus in 
spring. 

The details of the activities of a crayfish observed during the 
"glairing" process were in one case as follows. At first the 
animal kept the same unusual attitude assumed in cleansing 
itself, that is, it stood high up on its legs with the thorax and 
abdomen raised far above the bottom. The abdomen was bent 
forward loosely and its caudal fan reached nearly as far as the 
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middle of the abdomen. The small limbs of the abdomen, the 
pleopods, swung slowly back and forth with interruptions and 
then, after three minutes, flapped actively back and forth. Three 
minutes later the crayfish gave up this attitude and crouched 
down and turned slightly over to one side while still swinging 
the pleopods and also making very active fanning movements 
of the exopodites of the maxillipedes. After four minutes the 
crayfish again stood up and swung the pleopods back and forth 
for five minutes and then a faint halo of glaire was first detected 
about the pleopods. The abdomen had now become bent for- 
ward in a curve so that it resembled a half-closed hand and the 
space so enclosed seemed filled with an almost invisible glaire. 
When the pleopods inside this mass moved there resulted a jerky 
movement of dirty lines where the glaire and water met at the 
anterior opening of the chamber formed by the bent abdomen. 
Two minutes later the animal ceased to stand up and lay upon 
its left side with all the right legs high in the water, but after lying 
thus for two minutes it turned onto its ventral side and crouching 
prone, raised its third, fourth, and fifth legs on the left side, but 
coming against the side of the dish, did not roll over onto its right 
side as was expected. By this time the long continued and increas- 
ing contractions of the muscles of the abdomen had flexed it so 
far forward that the tail-fan reached to the bases of the second 
thoracic legs, leaving only the mouthparts and the bases of the 
chelae and second legs exposed to view. The pleopods were 
still moving rapidly back and forth inside the glaire chamber. 
Two minutes later, some of the legs on the right side were raised 
and the animal seemed about to turn over onto the left side but it 
returned to the ventral position. The abdomen had now become 
flexed even more powerfully so that its terminal piece, the telson, 
reached to the bases of the chelae, or first thoracic legs, and it was 
pressed upward against the thorax so that some of the slightly 
turbid glaire was forced out from between the tail-fan and the 
thorax. With the abdomen thus carried forward under the thorax, 
the animal remained six minutes crouching down so that anteriorly 
the ventral side of the thorax was near the bottom of the dish 
while posteriorly the dorsal side of the abdomen rested upon the 
bottom. Then all the right legs were raised and the body slowly 
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swung about through 120° till the right chela came against the 
end of the dish and the animal turned over onto the left side and 
rested with the anterior part elevated and the abdomen upon the 
bottom. Lying thus for some minutes the crayfish made no 
movements of any external organs. The tail-fan had receded a 
little but was still as far forward as the bases of the second thoracic 
legs. 

Two minutes later, i. e., about half an hour from the beginning 
of the "glairing" process, the continued recession of the abdomen 
laid bare the bases of the third legs and over the edge of the telson 
an egg was seen in the glaire above the telson. Thus the glair- 
ing period had already passed and the extrusion of eggs had been 
going on. A minute later the withdrawal of the abdomen stretched 
the glaire like a membrane from the edge of the telson to the region 
of the anterior thoracic legs and through this veil rows of eggs 
were seen issuing out from the opening of the oviduct on the base 
of the third right thoracic leg. The extrusion of eggs, however, 
will be described below from other more normal cases in which 
the crayfish lay upon its back and not upon one side when the 
eggs were extruded. 

The actual extrusion of eggs was seen in six crayfish and took 
place in approximately the following number of minutes in these 
cases: 10, 10, 13, 17, 20, 30. This is in strong contrast to the 
statement of Chantran that, in Astacus, the extrusion of ^gs 
lasted from one to several hours. Possibly he confounded the 
period of extrusion with the following period of "turning" which 
may well exist in Astacus and which in Cambarus occupies several 
hours. 

In Cambarus as in Astacus it was very unusual for eggs to be 
laid in the day time and the above six cases were seen in the day 
time only from the employment of the following expedient. Cray- 
fish that had finished the cleansing process were prevented from 
laying by being kept all night in running water barely suflScient 
to moisten them and then put into deeper water in the day time. 
After two or three repetitions of this treatment some ten females 
laid in the day time, several hours after being put into deep 
water. 

Though no crayfish laid when merely moist, one small specimen 
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laid in water so shallow that the animal could not cover its back 
when crouching down as close to the bottom as possible. This 
female carried on some turning movements after laying and after 
forty-three days the eggs, apparently all of them, hatched out, 
contrary to expectation. 

Some individuals, however, could not be forced to lay in the 
day time even by numerous repetitions of the alternating condi- 
tions. Such crayfish did not lay at all, yet when examined some 
were found to have the ovaries full of large eggs. Others kept 
for two months gradually resorbed the ovarian eggs. In such 
ovaries the old eggs were reduced to isolated, irregular yellow 
masses scattered throughout the ovary, while translucent new 
and minute eggs filled in much of the space between the degen- 
erated eggs. 

In the cases of egg-laying observed under the above forced 
conditions the extrusion of eggs followed after a thorough cleansing 
of the region that then secreted copious glaire. By the bending 
of the abdomen there was then formed a chamber, or basket, 
full of glaire, a sort of "incubatory pouch" which received the 
eggs and in which they were made fast to the pleopods. The 
way in which the tail-fan expands to close in this pouch and the 
part played by the glaire, or mucus, were well described for Astacus 
by Lereboullet in 1860 (Ann. Sci, Nat., zool., ser. 4, vol. 14). 

Being thus provided with a basket full of glaire the female 
after a few trials lies down upon her back, a most remarkable 
position considering the energy with which such crustaceans 
avoid it and escape from it at other times. The flexure of the 
abdomen becomes so excessive that the telson is brought up as 
far as the bases of the chelce, or even to half cover them, and 
thus the glaire is smeared over all the ventral surface of the thorax 
near the oviduct openings upon the bases of the third, or middle, 
pair of legs. The eggs will thus come out into a bag of glaire 
and though laid under water they are not laid into the water. 
The gradual relaxation of the abdomen finally uncovers the bases 
of the third pair of legs so that the eggs may be seen coming out 
of the oviducts. This withdrawal of the abdomen does not, how- 
ever, expose the eggs to the water since the viscid glaire that has 
been put upon the thorax is drawn out from the thorax to the 
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receding telson like an apron that covers over the eggs and prevents 
them from falling out even when the female turns right side up. 
This is the condition indicated in Fig. 5 of the preceding article 
in this journal. 

While the eggs are emerging, the crayfish is almost motionless, 
lying supine with stiflBy outstretched limbs and open claws as if 
dead. If now removed from the water and held in the hand the 
crayfish responds but little and the flowing out of eggs continues 
and may be more closely watched. 

The mouths of the oviducts are widely open and remain fixed 
in that state when the crayfish b plunged into boiling water. It 
is then seen that the oval membrane that usually covers the open- 
ing is pulled outward like a curtain leaving a somewhat triang- 
ular orifice bounded on the external edge by this drawn curtain 
and on the median edge by the rounded rim against which the 
curtain comes when it is closed. Deep inside the large orifice 
opens the smaller oviduct tube full of eggs, each filling the tube 
from side to side. These eggs are also fixed by the heat in some- 
thing of their natural irregular form. In life the eggs come out 
distorted by pressure and are so soft and flowing, like liquid in 
thin bags, that they mutually flatten against one another and 
become indented by contact with solid objects. 

The eggs generally emerged in two streams one from each ovi- 
duct, but in some cases only one oviduct was used for a long time. 
The rate at which the eggs came out varied from 12 to 60 a minute 
on each side. With some stoppages and changes in speed some 
two to six hundred eggs were laid, by different females, in less 
than half an hour. Frequently the eggs came out in sets of three 
flattened together and the last one of the set rounded itself off 
during the brief pause before it was pushed away by the coming 
out of the next set. Thus the mouth of the oviduct was alter- 
nately taken up with one rounded egg and with three flattened 
eggs. When the end of deposition drew near, a gradual ending 
was brought about in one case by a cessation of all flow for two 
minutes and then the emergence of only two eggs, the last to be 
laid. When this animal was dissected an hour later the ovary 
was empty save for three eggs in the posterior lobe and two in the 
left oviduct and one of these slipped out of the mouth of the ovi- 
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duct when the ovary was being removed. Both oviducts were 
greatly distended, though for a long time only the right one had 
been discharging eggs. 

The glaire into which the eggs come is dense along the edges 
of the abdomen and can be picked up by forceps as ' blobs ' that 
hang down a half inch or so, supporting their weight. But the 
rest of the glaire is too weak and watery to be pulled away. When 
the abdomen was forcibly bent back to examine this glaire and 
the female prevented from laying for a night there was no second 
secretion of glaire over laying though cleansing movements were 
carried on again. When the crayfish laying eggs was suddenly 
put into boiling water the glaire coagulated sufficiently to form 
an opaque white mass over the eggs in the posterior part of the 
abdominal basket but the glaire over the issuing eggs did not 
become opaque enough to hide their red color. 

The transfer of the eggs from the oviducts to the pleopods 
within the abdominal chamber is purely the work of gravitation. 
Though the crayfish lies upon its back the abdomen is always 
lower than the thorax and in some cases several legs were actively 
braced against the bottom of the dish in a manner to exaggerate 
this sloping of the body. In one case the animal sat propped up 
at an angle of nearly forty-five degrees supported upon its short 
fifth legs and upon the abdomen. Generally, however, only the 
tip of one chela and one leg touched the bottom and thus gave 
more stability to the animal as it lay upon its rounded back. 

The deep groove between the bases of the thoracic legs favors 
the backward flow of the eggs which coming from each oviduct 
unite in one stream that flows along the thorax onto the abdomen 
and there divides to flow right and left along the bases of the 
pleopods. When, as is often the case, the animal lies with one 
side higher up than the other the eggs coming out of the more 
elevated oviduct drop some 6 to 8 mm. diagonally across the body 
before reaching the sternal surface. In such positions also the 
eggs accumulate in the lower side of the abdomen and when the 
animal is taken in the haYid the eggs will flow right and left in the 
abdominal chamber as right or left is held lower. The glaire 
is thus not dense enough to stop the movement of eggs except at 
the edges of the chamber and upon the pleopods. Even after 
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the period of extrusion and six minutes after "turning" had 
begun, when an undisturbed female was taken out of the water 
many of the eggs in the chamber ran over from side to side and 
tended to escape at the angle between the abdomen and the thorax 
on each side. Some of the eggs were then loosely attached to the 
pleopods, but when the abdomen was forcibly straightened out 
and held downward many of the eggs glided off over the end of 
thetelson. 

Though the details of action of the female at the time of extru- 
sion of eggs were different in other cases the following special 
case is thought to be, in the main, typical. A crayfish lying upon 
its back with the telson so far forward over the thorax as to reach 
to the posterior edges of the second legs showed no movements 
of any organs for a minute and then only a slight motion of the 
antennules and of some legs. After four minutes more there 
were some slight movements of the third legs and of the left chela. 
The right chela rested upon the bottom of the dish and so held 
the animal in more stable equilibrium. By this time the slow 
relaxation of the abdomen had let the telson glide so far back 
that the bases of the third legs were nearly uncovered. Three 
minutes later by looking in under the telson one could see eggs 
coming out of the openings of both the right and the left oviducts, 
which openings are upon the bases of those legs. 

Where the tail-fan had been over the thorax, as far forward as 
the chelae, there was left a layer of glaire. On counting the eggs 
in the issuing streams, still three minutes later, they seemed to 
come out at the rate of one a second on each side. The only 
movements of the animal were a temporary fanning motion of an 
exopodite near the mouth. But five minutes later the animal had 
turned to lie with the left side somewhat elevated and the eggs 
were seen falling out of the oviduct of that side across the body 
then to glide back into the abdominal basket. A minute later 
they were coming out at the rate of ten in sixty-five seconds, in 
groups of two or three at one jet and then an interval before the 
next row of two or so. In another minute there were signs of 
life in the rapid fanning of exopodites on the left of the mouth, 
which continued for a minute, nearly stopped, and then started 
again. After a minute more there were added a rolling of the 
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entire body onto an even keel and then a violent struggling of the 
legs as if to turn the body over into the normal prone position. 
Eggs were still seen in the mouths of the oviducts, two on each 
side. In this struggle to regain the ventral position the left side 
was down for a minute and then the right for a minute when the 
right going under and the left uppermost the animal got onto its- 
ventral side. It then stood thus, on its legs with ventral side 
down, for two minutes with only slight movements of two or three 
legs. Immediately after this brief rest the "turning" movements 
began. This would no doubt have gone on for several hours 
but it was checked by interference after six minutes during which 
time there were fairly regular alternations of pose, this animal 
lying down first upon its left side and next upon its right. 

It is in these turning movements that always follow the extru- 
sion of eggs, that the eggs become fastened to the pleopods, so 
that when the female a few hours after the eggs have come out, 
for the first time straightens out the abdomen and the glaire is 
seen only as shreds hanging from the edges of the abdominal 
terga and from the tail-fan, the eggs do not fall into the water 
but henceforth hang suspended from the pleopods, till hatched. 

While fastened to the pleopods the developing eggs are protected 
by the female and also aerated by special movements of the pleo- 
pods which are the more energetic the more the water tends to be 
stagnant or poor in oxygen. In all probability eggs not attached 
to the pleopods would never develop, in nature, and this attach- 
ment seems an essential part of the life history, here, as in many 
other Crustacea. 

Just how the fastening of the eggs takes place is by no means 
clear. A microscopic examination of the so called "cement 
glands'* upon the sterna and all the six pairs of appendages of 
the abdomen showed that in Cambarus, just as in Astacus, these 
glands contain the material from which the "glaire" is made* 
The same reasons that led Lereboullet (Z. c.) and later Braun 
(Arb. zo6l.-zo6t. Inst. Wilrdmrg, vol. 2, 1875) to believe that in 
Astacus this secretion fastened the eggs to the pleopods, apply in 
Cambarus and there is little doubt that this glaire plays the most 
important part in fastening the eggs. However, the remarkable 
fact that in both these crayfish as in crabs the eggs are fastened 
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almost exclusively to hairs upon the pleopods and upon the sterna 
calls for explanation. In crabs Williamson (£M Ann. Rep. 
Fisheries Board for Scotland, 1904) has recently described special 
hairs upon the pleopods as piercing the outer egg-case and liber- 
ating an adhesive substance contained between the inner and 
outer part of the egg-case. His idea is that the eggs are first 
impaled in a row upon a hair, as upon a skewer, and subsequently 
fastened to the hair by the collapsing of the pierced outer ^g-case 
and by the adhesive material contained within it. As Williamson 
sought to extend this view to the lobster and other Macrura, the 
■crayfish, Cambarus, was reexamined in April, 1905, to see if this 
view would apply here, but no evidence of such skewer action of 
hairs was found though on the other hand no absdvie refutation 
of such a view was obtained. 

In Cambarus affinis preserved eggs have in the ovary a case 
about J /« in thickness as seen in optical section. When they 
leave the enveloping cellular follicle and are laid and for at least 
five hours afterwards, they have the same thickness of case but 
twenty-three hours after laying the case was (observed as above) 
2 // thick. In live eggs there is a remarkable change in elasticity 
accompanying this change in thickness of case. While the fresh- 
laid egg glides along like a liquid drop flattened and deformed by 
every contact and scarcely held together by its delicate case, the 
egg thirty-six hours afterwards is a tensely spherical ball, which, 
dropped nine inches onto a table, rebounds five inches and con- 
tinues to bounce up and down five or six times before coming to 
rest. This great elasticity was noticed in Astacus eggs also, by 
LerebouUet. Such eggs, however, are normally hung to the 
pleopod by peculiar stalks. Each egg has its separate stalk and 
this is of elastic material comparable to the egg-case.^ When 
this stalk was pulled out to four or five times its length, to ten 
times the diameter of the egg, it flew back like a rubber band, as 
soon as released. 

These stalks are not formed until a little while, 15 minutes or so, 
after the eggs enter the abdominal chamber and at first they are 

* In a few cases an egg had two stalks with a ribbon-like connection over 
the surface of the egg. 



Digitized by 



Google 



No. 473] EGG-LAYING OF CRAYFISH 353 

exceedingly delicate, soft, wide, flat bands. These are at first 
very short and only slowly become as long as the diameter of the 
egg, subsequently to become many times that and hard and narrow 
and twisted. In this latter state they remain after the egg hatches 
and connect the empty egg-case with the pleopod and are even 
then a means of salvation for the yomig. 

Near the egg the stalk expands as a romided tent, or bell-like 
membrane the edges of whidi are fast to the egg-case over a 
rounded area about one third the diameter of the egg. Optical 
sections indicate that the stalk continues by this membrane over 
the egg to make its thick elastic outer case while the thin inner 
case is the only one near the egg over the area covered by the bell. 
At this place only there seems to be a liquid separating the inner 
case from the walls of the bell. The stalk seems hollow for some 
distance up from the bell and one is led to infer that each egg is 
slung in a bag the closed mouth of which, when drawn out, forms 
the stalk. The stalk and bell look like glass, but have longitu- 
dinal creases that simulate a fibrillation. The other end of the 
stalk is continuous with a flat mass that binds together many of 
the plumose hairs along the side of the pleopod. In fact, these 
hairs seem rather completely invested in a secretion which holds 
them all imbedded in a flat mass on each side of the pleopod while 
from the edges of this mass hang out the egg stalks at intervals, 
every five or six hairs having their investment continued out as a 
free stalk for an egg. The stalks are like a fringe from a curtain 
in which the hairs are fixed; but many stalks arise from the flat 
sides of the curtain. 

The structure of the stalk when magnified four himdred diam- 
eters is homogeneous on the outer surface but within is a clear 
matrix full of vesicles about 1} /« in diameter and elongated in the 
length of the stalk as if by the stretching of the matrix. When 
broken, in its early stages, the jagged edges of the stalk round off 
slightly as if somewhat paste-like. 

Some facts that seem to increase the diflSculty of applying 
Williamson's view to Cambarus are the following. One female 
was found in which the sterna and pleopods of the first somite 
were not dean and these alone had no eggs attached to their hairs 
so that the painfully laborious process of cleansing seems necessary 
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for attachment of eggs, and this is more readily reconcilable with 
the idea that a secretion flows out over the cleansed surface to 
fasten the eggs than with the idea that the hair^ puncture the egg- 
case and so liberate the material for fixation. 

The "perivitelline space" which is held by Williamson to con- 
tain the adhesive material in crab's eggs seems to exist in Cambarus 
as the result of strong, abnormal osmotic changes only, which 
may accumulate liquid between the inner and the outer parts 
of the egg-case, when for instance an egg is plunged into strong 
Flemming's liquid this may accumulate in local blisters of the 
outer membrane. 

Ovarian eggs were not sticky unless allowed to dry upon the 
surface when they, either with or without the enclosing cellular 
follicle, stuck to a needle and might be pulled up into club-shaped 
drops that then sprung up to hang as bulbs connected to the needle 
by a minute stalk. 

The glaire, however, sticks slightly to dishes and to a knife 
and when eggs were taken out of the glaire from the front part 
of the abdominal chamber where they had not yet made stalks 
(though others in the back piart had done so) and put into a watch 
glass of glaire, they stuck together more firmly than when left 
in water. The connection of these eggs with one another after 
48 hours was by delicate fibers something like early stages of ^g 
stalks and such eggs after fifty-eight hours were elastic so that 
they rebounded five or six inches when dropped nine. Thus in 
glaire the elastic case and something like a stalk were made when 
isolated from pleopods and hairs. Again, eggs broken off from 
very young stalks and left in moist air adhered together very firmly 
and also to a dead pleopod. These facts seem more readily ex- 
plained by the action of the glaire than by an assumed early 
pricking of the hairs. 

A microscopic examination of the material that binds the plu- 
mose hairs together, made some hours after the eggs were laid, 
showed that in some plfeces this mass was a dense, clear, highly 
refracting sheet, moving and breaking under pressure like a stiff 
jelly, and identical with the stalks of eggs, while in other places 
the material on the hairs was a milky gray matrix that rounded 
itself off like a viscid fluid when broken and was full of droplets 
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like those inside the cement glands. It may be that the secreted 
glaire passes from the latter state into the former. 

The glaire itself resembles the stalks in being a clear matrix 
full of droplets that elongate when the glaire is stretched but while 
some of the droplets are 1\ X 12i /£ others are as large as 37^ X 
112 fi and many are compound emulsive drops of 12 to 25 fi. 
Glaire and egg-stalk are thus not identical though the stalk might 
well arise from glaire matrix. 

Without, then, imagining any special action of the hairs we 
may suppose that the eggs become fastened to them because they 
are smeared with the densest secreted matter from the pleopod 
glands. All the surfaces having been made scrupulously clean 
the secretion can spread over the hairs as they hang like feathers 
in the water and as the glands along the pleopod are segmentally 
or interruptedly arranged, the hairs may well be stuck together 
in small clusters or brushes of denser glaire separated by more 
watery glaire. When the eggs roll down along these brushes 
smeared with adhesive glaire they may stick to them as the brushes 
stick to one another all along the side of the pleopod. Once 
stuck and more or less buried in the glaire on the hairs the pull 
of their weight will drag out enough glaire to make a stalk. That 
more eggs stick to the hairs than to the body of the pleopod may 
be largely a matter of relative area. 

Some eggs that were loose in the abdominal chamber when the 
rest had stalks, some hours after being laid, presented the follow- 
ing peculiar appearance upon one side. A rounded area agreeing 
with the size of the bell of a stalk was thickly set with minute drops 
on the outside of the outer egg-case while fine threads inside this 
case suggested that some filose, or else secretional activity of the 
egg might have been going on over this area through pores in the 
egg-case. As was known to Chantran, each egg has a large polar 
area and it seems possible that special activities of the protoplasm 
there may be concerned in localizing the attachment of the egg 
to the glaire on the hairs and aid in determining the bell-like area 
of the stalk. 
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Summary 

The egg-laying habits of Cambarua afjinis are closely similar 
to those of Astacus, as far as the latter have been described. 

In Cambarus there are four periods of activity: cleansing, 
glairing, extrusion, turning. 

The transportation of the eggs from the oviducts to the abdom- 
inal appendages is accomplished by gravity when the female 
places herself in special positions. 

The activities of the female include a prolonged use of special 
tools to cleanse the surfaces later covered by the secretions of the 
"cement glands," a long continued maximum contraction of the 
abdomen, a habit of lying supine and externally inert during 
oviposition, and a long rhythmic alternation of poses associated 
with the fastening of the eggs to the abdominal appendages. After 
this follow the weeks of aeration and care of the eggs till they 
hatch. 

While the ultimate analysis of the factors concerned in fastening 
the eggs to the abdominal hairs awaits future investigations the 
secretion of the "cement glands" seems of chief importance 
though local activities of the egg may possibly play a part. 

Baltimore, Md. , 
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SOWERBY'S WHALE ON THE AMERICAN COAST 
GLOVER M. ALLEN 

A CENTURY has now elapsed since Sowerby's whale (Mesoplodon 
bidens) was first made known to science by James Sowerby ('04) 
in his British Miscellany. During this period barely more than two 
dozen additional specimens have been recorded and these have 
more often been to a greater or less extent imperfect. Flower 
(72) in his accoimt of the genus, listed but ten specimens of this 
species known by him to be at that time preserved in the museums 
of the world. Seven of these ten specimens were represented by 
skulls only, while of the three others more or less of the skele- 
ton was saved. Turner ('89) gave the niunber of known records 
for the occurrence of this whale as nineteen, and a few more 
specimens have since been made known, so that the general char* 
acters of the species are now fairly well ascertained. 

At the time of Turner's writing (1889) but two examples of 
Mesoplodon had been recorded from the western side of the 
North Atlantic. The first of these was stranded on Nantucket 
Island, Massachusetts, in 1867 (Agassiz, '68), and its length is 
recorded as 16 feet, 3 inches (J. A. Allen, '69, p. 205). The sec- 
ond American specimen was captured on March 28, 1889, at 
Atlantic City, New Jersey, and was secured by Dr. F. W. True 
for the United States National Museum (Turner, '89, p. 13). 
Nothing further was known of the species in American waters 
until 1898, when a young female was found dead on the coast at 
Annisquam, Massachusetts, in August. Its skeleton was obtained 
by the late Professor Alpheus Hyatt for the museum of the Boston 
Society of Natural History. Save for a brief mention (Hyatt, '99) 
this specimen has not been reported upon. 

I am indebted to Mr. Thomas Barbour, of New York City, for 
the privilege of recording a fourth American specimen and the 
twenty-sixth hitherto known. Mr. Barbour has very kindly writ- 
ten out the following notes respecting this interesting capture. 

"On the 22d of July, 1905, a large specimen of Mesophdon 
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bidens became entangled in the pound-nets about a mile offshore 
from North Long Branch, New Jersey. It was rather exhausted 
when found, and was towed with some diflSculty by two large 
power pound-boats to the beach, where it was secured by a rope. 
It soon died owing to injuries received during its capture. 

"The total length of the specimen was said by the fishermen 
who measured it, to have been 22 feet. The coloration was very 
peculiar. The entire upper surfaces were slaty blue-black, the 
lower surfaces somewhat lighter. The sides and belly were dotted 
with numerous white spots, each varying from one to three or four 
inches in diameter. On the throat these patches became more or 
less confluent and very irregular in outline." 

With some difficulty, Mr. Barbour succeeded in having photo- 
graphs of this animal taken, two of which are here reproduced. 
The first of these (Fig. 1) shows the whale lying on its left side 
with the ventral portion toward the observer. The spindle-shaped 
form of the body, the small pectoral limb, and the beak-like snout 
are fairly well seen. As the anterior part of the animal's body was 
shaded by a canvas awning, the light spots and irregular throat- 
markings are distinctly seen in the photograph without the addi- 
tion of light areas due to reflection, such as sometimes appear in 
photographs of parts taken in direct sunlight. The two diverging 
gular sulci are very well shown at the right-hand end of the figure, 
and are clearly not confluent at their anterior inception. One of 
these sulci (the lower in the figure) seems to be open, as though 
stretched apart by the dragging of the left side of the head. Fig. 
2 is a view of the top and right-hand side of the head. The single 
crescentic blowhole with its extremities directed forward, is seen 
at a; what appears to be the right eye is seen at b. The very 
small mandibular tooth (c) is seen barely projecting from the 
gums and its small size indicates that the animal was probably a 
female. The lower jaw is clearly longer and broader than the' 
upper, and a slight groove or gutter can be made out at the comer 
of the mouth. 

The skull of this specimen was secured at considerable trouble 
by Mr. Barbour, and presented by him to the Museum of 
Comparative Zoology where it is catalogued as no. 7301. The 
mandibles and the rostral portion, however, were subsequently 
destroyed by an unfortunate accident. 
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It will be of interest to bring together a few notes on the Anni- 
squam and the Long Branch specimens for comparison with other 
recorded observations on this species. 

A considerable variation in the color seems apparent from the 
accounts of various authors, especially in respect to that of the 




Fio. 2. — Mesoplodon bidens; North Long Branch, New Jersey. Top of head, o, blow- 
hole; b, right eye; c, tooth. From photograph loaned by Mr. Thomas Barbour. 

under parts. Turner ('89) summarizes briefly the descriptions 
given up to that time and concludes that there **can be no doubt 

that this animal is not of the deep black colour on the dorsum 

which one sees in Hyperoodon, but that the dark hue is dashed 
with a bluish tint, so that one may describe the prevailing colour 
of the back as dark bluish-gray or bluish-slate colour. The grey 
or whitish, almost circular spots. . . .are obviously also character- 
istic markings of the skin. The belly is not white but of various 
shades of grey, dashed perhaps with a bluish tint." Southwell 
and Harmer ('93), however, describe the female stranded at Nor- 
folk, England, Dec. 18, 1892, as of a uniform black color, "not 
appreciably lighter on the belly than on the back," with a "per- 
ceptible bluish tint on the skin in a good light." They note also 
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the light streaks and blotches "most numerous on the side and 
ventral surface." The large fetus contained in this specimen 
was a male and had the under parts "white." W. Rothschild 
('93) accordingly suggests that it may prove in this species that 
the males have the belly white, while the females have this region 
of much the same color as the back and sides, save for the light 
blotches already mentioned. The Long Branch female seems to 
be of this latter type of coloration. Grieg ('98) found that the 
male taken at Karmo was colored much as Rothschild describes, 
with the back a blue-gray becoming lighter on the belly, which 
was nowhere pure white but tinged with reddish. The clear color 
of the belly extended from the gular folds to the genital openings 
and there were none of the roundish circular spots to be discovered. 
Evidently the coloration was much like that of the Havre specimen 
figured by Dumortier ('39). Most of the recorded specimens, 
however, have not been examined while in a fresh condition by a 
trained naturalist and the few descriptions of the external colora- 
tion are insuflBcient to settle the question of a sexual dimorphism 
in this respect. 

Regarding the Annisquam specimen, no color notes were taken, 
but from a few small photographs in the possession of the Boston 
Society of Natural History, it appears evident that the ventral por- 
tion was of a lighter tint, and in one of the views a few oval whitish 
spots are seen on the side a trifle behind the middle portion of the 
body. Another view shows the convexity of the posterior margin 
of the flukes at the median point as well as the prominent dorsal 
fin. The lower jaw protruded slightly beyond the upper. Meas- 
urements of this specimen, as noted by Professor Hyatt, are as 
follows: total length, 12 feet, 2 inches; from anus to bight of flukes, 
3 feet, 4 to 6 inches; across the flukes, 3 feet, 1 inch; from tip of 
rostrum to angle of mouth, 1 foot, 1^ inches. The gular furrows 
were noted as about 10 inches long and from } to i an inch deep. 

The bones of the Annisquam specimen were macerated and 
cleaned, and are now preserved in the collection of the Boston 
Society of Natural History. The skeleton presents several points 
of considerable interest and through the kindness of Mr. Charles 
W. Johnson, the curator of the Society's museum, I have been 
enabled to make the following notes. 

The skull shows the specimen to have been rather immature as 
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the sutures are largely unclosed; moreover, the rostral cartilage 
had not osvsified so that the thin overarching premaxillae of the 
rostrum form a long tube nearly closed dorsally except for a slight 
space where these bones do not quite meet along the median line. 
The proximal portions of the premaxillee just anterior to a line 
passing across the middle of the blowhole, are nearly flat; they 
then rise almost perpendicularly to the vertex of the skull and 
seem to overhang the blowholes but slightly, although this rela- 
tion is somewhat obscured owing to a slight injury. The max- 
illary bones slope downward from their junction with the premax- 
illfle to the rim of the cranium. In the Long Branch cranium, 
which is that of an animal fully adult, the broad proximal portions 
of the premaxillae are slightly hollowed in front of the nares, and 
rising to the summit of the skull, overhang the blowhole by their 
greatly thickened antero-dorsal edges. In front and at the sides 
of the nares the maxillaries are elevated as much as 2.5 cm. above 
the adjacent premaxillaries, so that True's ('85, p. 586) statement 
in regard to Ziphius and Hyperoodon holds good also in some 
degree for Mesoplodon, namely, that "there appears to be a pro- 
gressive excavation or absorption of the bones lying in the median 
line of the upper surface of the beak, accompanied by introvertion 
of the premaxillae and a rounding off of the extremity of the beak." 
In both the Annisquam and the I^ng Branch skulls the right 
premaxillary is slightly larger than the left and the right nasal 
opening is more convex in its exterior outline than the left. In 
both specimens the maxillary and the premaxillary foramina are 
on practically the same line with relation to the transverse axis of 
the skull, though in the Long Branch specimen the former is about 
1 cm. behind the latter. In the Annisquam specimen the max- 
illary foramen is very large and its opening is below the level of 
the surrounding parts. It is continued forward as a deep groove 
or canal to the base of the rostrum, which is a feature practically 
lacking in the skull from Long Branch. In each ramus of the 
lower jaw there is a single tooth situated 25 cm. from the tip, or 3 
cm. anterior to the middle point. From measurements given by 
Grieg ('98) for the two Karmo specimens the large tooth was situ- 
ated at one third the jaw length from the tip in each. In the Cap 
Breton specimen, according to Fischer ('92) the tooth was three 
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sevenths of the jaw length from the tip, just back of the symphysis. 
The teeth of the Annisquam specimen barely projected above the 
alveoli of the jaws and are sharply mucronate. The basal por- 
tion of each, however, is more like that of the male's tooth in the 
slightly convex posterior outline and the forward extension of the 
anterior angle. Fig. 3 represents a lateral view of the tooth from 
the right mandible of the Annisquam whale; its extreme length 
from the point to the anterior tip is 55 cm. 

The Annisquam skeleton has 45 vertebrae. Four of the seven 
cervicals are fused. The atlas, axis, and 
third cervical are firmly ankylosed through- 
out, save for the lateral foramina for the 
passage of the cervical nerves. The 
fourth cervical is fused to the third by 
the dorsal spine on the left side and by 
the tip of the upper lateral process of the 
same side. Its centrum, right half of the 
dorsal spine (the spine is divided medi- 
ally), and the remaining lateral processes 
are free. This is the only case thus far 
recorded in which four cervicals have 
been found fused in this species for 
Reche's (:05, p. 171) statement that 
Flower has recorded a specimen the dorsal 
spine of whose fourth cervical was fused 
to the third, is a lapstis. Flower is here referring to Ziphius 
cavirosiris, Grieg ('98) found that the first five cervicals were 
united in one of the Karmo specimens but the first two only in the 
other example and the same author ( :04) found the first three fused 
in the Rugsund specimen (1901). Fischer ('92) records that in 
the Cap Breton whale the first two were entirely ankylosed while 
the centrum but not the spine of the third was fused with the sec- 
ond cervical. Aurivillius ('86) accredits the Bohuslan (1885) 
specimen with three fused cervicals. Turner ('85) found the first 
two only fused in the two Shetland examples and the same was 
true of these bones in the Skager Rack and the Vanholmen 
specimens (A. W. Malm, '71; A. H. Malm, '85). Van Beneden 
and Gervais in their Ostiographie des CHacis give the number of 




Fig. 3. — Lateral view of man- 
dibular tooth of Mesoplodon 
bidens, female, Annisquam 
specimen. Natural size. 
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fused cervicals as three while both Van Beneden ('64) and 
Dumortier ('39) agree in stating that the first two only were 
fused in the Ostend 1835 example. The fusion of the first two is 
thus apparently the more usual condition. In the Annisquam 
whale the epiphyses of the fourth and fifth cervical vertebne and 
the anterior epiphysis of the sixth cervical are fused to their respec- 
tive centra, but all the other epiphyses of the vertebral colunm and 
of the pectoral limbs are free. 

The Annisquam skeleton has nine dorsal vertebrae with their 
corresponding pairs of ribs, a number which agrees with that of at 
least four recorded skeletons though ten pairs of ribs are recorded 
in case of five others (Rugsund, 1901; Karmo, 1895; Shetland* 
1885; Skager Rack, 1869; Ostend, 1835). 




Fig. 4. — Sternum of Meaoplodon 6tden«, female, from above; Annisquam specimen. 

The sternum of this specimen presents a few points of interest. 
It consists of four pieces, the anteriormost of which is largest, 
slightly hollowed above, and correspondingly convex below. The 
three remaining pieces are nearly flat, with a deep median notch 
at the anterior and posterior border of each. The most posterior 
piece evidently represents a fusion of the elements of two segments 
as there are articular surfaces for two pairs of ribs. Both the 
Karmo specimens (Grieg, '98) had sterna of four pieces and in 
each the fourth or most posterior piece seems to show articulating 
surfaces for two pairs of ribs. Apparently in these the very small 
sternal elements of each side corresponding to the fifth pair of ribs 
fused with the next anterior sternal segment but did not fuse medi- 
ally with each other, so that a deep notch is left in the posterior 
margin of the last sternal piece. In the male Karmo specimen 
the notch is nearly closed posteriorly indicating a medial approxi- 
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mation of the elements of right and left sides^ and thus approaches 
the condition described by Fischer ('92) for the Cap Breton 
specimen whose sternum was likewise of four pieces. The fourth 
was notched in front and had a central hole and a posterior notch. 
This central hole evidently corresponds to the two notches that 
would have been formed between the fourth and fifth sternal ele- 
ments had they failed to fuse with each other. In the Annisquam 
specimen this space has been quite obliterated. According to 
A. W. Malm ('85) the sternum of the Skager Rack whale con- 
sisted of five pieces of which the two posterior were ankylosed, 
while that of the Vanholmen specimen was of four segments. 
Aurivillius ('86) states that the sternum of the Bohuslan skele- 
ton was of four pieces of which the last is practically like the others 
save that the posterior notch is nearly closed. The sternum of 
the Rugsund specimen as figured by Gri^ (:04, p. 33) is likewise 
of four s^ments, but the two elements of the fourth segment have 
not united medially while that of the left side is ossified with 
the next anterior piece. The 1885 Shetland whale had five sternal 
pieces (Turner, '85) but the 1881 Shetland example had four 
sternal pieces only, the posteriormost of which, as in the Anni- 
squam skeleton, represented a fusion of the fourth and fifth pairs 
of elements (Turner, '82). Still another variation is seen in the 
Ostend specimen in which the two elements composing the fifth 
or posteriormost piece are separate both from the piece next 
anterior and from each other, while that of the left side is ap- 
parently displaced so as to be in advance of the corresponding ele- 
ment of the right side (Van Beneden, '64, pi. 3, fig. 2). An addi- 
tional point of interest in the Annisquam sternum is its bilateral 
asymmetry for the right-hand element of each of the four pieces 
is slightly longer than that of the left side (Fig. 4). Thus the 
extreme lengths of the right-hand elements in centimeters are : 15.1 ; 
8.4; 6.0, and 7.1, while those of the left-hand elements are 14.7, 
7.9, 5.85, and 6.8 respectively. A like asymmetry is seen in 
Grieg's figure of the Rugsund specimen. 

For convenience of reference, the known recorded specimens 
of Sowerby's whale are listed in the following table: — 
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Recorded Specimens of Mesoplodon hidens 



No. 


Sex 


Locality 


Date Reference 


1 


male 


Elginshire, Scotland 


1800 Sowerby, '04 


2 


female 


Havre, France 


Sept. 9, 1825 BlainvUle, '25 


3 


male 


Sallenelles, France 


Summer, 1825 Deslongchamps, '66 


4 


female 


Ostend, France 


Aug. 21, 1835 Dumortier, '39 


5 


male 


Brandon Bay, Ireland Mar. 9, 1864 Andrews, '69 


6» 


male 


Norway 


before 1866 Van Beneden, '66 


7 


— 


Nantucket, Mass. 


1867 Agassiz, '68 


8 


male 


Skager Rack 


June 15, 1869 A. W. Malm, '71 


9 


male 


Brandon Bay, Ireland May 31, 1870 Andrews, 70 


10 


female 


?Scotland 


1872 Turner, '72 ; Flower, '72" 


11 


female 


Hevringholm Strand, 
Denmark 


Feb. 3, 1880 Reinhardt, '80-'81 


12 


male 


SheUand 


Apr., 1881 Turner, '82 


13 


male 


Vanholmen, Sweden 


Oct. 30, 1881 A. H. Malm, '81, '85 


14 


male 


Shetland 


May 23, 1885 Turner, '85 


15 


male 


Bohuslan, Sweden 


Aug. 6, 1885 Aurivillius, '86 


16 


male 


Yorkshire, England 


Sept. 11, 1885 Southwell and Clarke,. 

'86 
Oct., 1888 Turner, '89 


17 


male 


Firth of Forth, Scot- 






land 




W 


— 




before 1888 Van Beneden, '88 


19» 


female 


Norfolk, England 


Dec. 18, 1892 Southwell and Har- 
mer, '93 


20 


male 


Cap Breton, France 


Aug., 1888 Fischer, '92 


21 


female 


Atlantic Gty, N. J. 


Mar. 28, 1889 Turner, '89 


22 


female 


Karmo, Norway 


Aug. 25, 1895 Grieg, '98 


23 


male 


Karmo, Norway 


Aug. 29, 1895 Grieg, '98 


24 


female 


Annisquam, Mass. 


Aug., 1898 Hyatt, '99 


25 


male 


Rugsund, Norway 


Nov. 14, 1901 Grieg, KH, K)5 


26 


female 


North Long Branch, 
N.J. 


July 22, 1905 



To this list should probably be added the record of a specimen 
found floating in the sea at the entrance of the British Channel 
about 1840. The skull of this whale is said to be in the museum 
at Caen (Flower, 78) and on it Gervais in 1850 founded his Meso^ 
plodon europwiLS. Some confusion has also existed in regard to 

^An incomplete lower jaw in the Museum at Chnstiania. 

'An incomplete cranium without data in St. Petersburg Museum. 

"Contained a large fetus. 
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the dates of certain of the captures. Thus Reinhardt (*80-'81) 
and Van Beneden ('88) have included examples of Hyperoodon 
in their lists of records; Gray ('66, p. 352) mentions a specimen 
from Havre, Aug. 22, 1828, and Van Beneden ('88, p. 98) appar- 
ently has quoted Gray in including this record in his paper on the 
Ziphioids of European waters. It is clear, however, from the con- 
text that Gray is referring to the specimen described by Dumortier 
('39) and taken at Ostend, Aug. 21, 1835. Of this whale, Du- 
mortier relates that it was kept alive out of water for the space of 
two days but could not be prevailed upon to eat the moistened 
bread that was offered it! Frequently it gave vent to loud bellow- 
ings that resembled the lowing of a cow. Grieg ('98) is able to 
confirm this testimony as to the possession of a voice by this species, 
for he states that the female stranded at Karmo in 1895, lowed like 
a calf that is being slaughtered. 

It is clear, then, that Mesophdon bidens is certainly known from 
the North Atlantic only, between the latitudes of 39° N. (Atlantic 
City, N. J.) and about 60° N. (Shetland). That it b probably not 
gregarious has been pointed out by previous writers, and its pres- 
ence in the colder months at the northern part of its known range 
has been taken to indicate that it is not migratory, at least in so 
clear a manner as is the bottle-nosed whale {Hyperoodon ampidla-- 
turn). The fact that so large a proportion of the stranded speci- 
mens has been tal^en on the coasts of islands is indicative of the 
pelagic habitat of this species as contrasted with certain of the 
porpoises that often frequent the shallower waters along the coasts. 
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FRESH-WATER RHiZOPODS OF NANTUCKET 

JOSEPH A. CUSHMAN 

During the spring of 1905 collections were made from the bodies 
of fresh water on the island of Nantucket, Mass., by several mem- 
bers of the Nantucket Maria Mitchell Association. This material 
was turned over to me for examination. A portion of it was made 
up of the sediment squeezed from submerged sphagnum. This, 
as was to be expected, seemed to be the richest in Rhizopods and 
contained many more species and individuals than the material 
from the bottom of the larger ponds. Certain species seem to be 
very limited in their distribution on the island, often occurring in 
but one of the collections out of the fifty or more examined. In 
such cases, however, there was usually an abundance of specimens 
of the species in that one collection. Other forms which were to 
be expected here were not met with at all. Of these Hyalosphenia 
was the most striking genus, as it usually occurs in just such 
material. Nearly all of the species found were of small size 
for their respective species and may be compared with the speci- 
mens noted by the writer and Mr. Henderson from the alpine 
region of the White Mountains (Amer. Nat.y vol. 39, March, 
1905, p. 155 ). The cause of this minimum size in the case of the 
Nantucket specimens is hard to explain unless for some reason 
there is not sufficient nourishment for them, but this does not 
seem to be a reasonable explanation since the ponds are well sup- 
plied with minute algce, especially desmids and diatoms. For 
certain of the records I am indebted to Mr. W. P. Henderson. 
The following species were found : — 

1. Arcella vulgaris Ehrenberg. Breadth 52-55 //; height 21- 
23 n; aperture 12-14 /z. 

Common. Hummock and Gibb's Ponds and from bog moss. 

2. Arcella discoides Ehrenberg. Breadth 46-75 fi; height 20- 
25 jw; aperture 8-19 //. 

Common, but of small size. Hummock and Sesacha Ponds and 
from sphagnum in different parts of the island. 

3. Oentropyxis acoleata Stein. Breadth 65-72 //; height 
30-38 //; aperture 11.5-18 //. 

371 
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Of small size. Common in Hummock Pond and in sphagnum 
swamps. 

4. Oentropyxis aculeata ecornis Ehrenberg. Length 94/£; 
breadth 78//; aperture 26//. From sphagnum. 

5. Quadrula symmetrica Schul. Length 68 //; breadth 38 //; 
aperture 13.5 //. 

This species occurred but once and then in considerable num- 
bers. It was from bog moss material near the town. The speci- 
mens were very uniform in size and were small. 

6. Difllugia globosa Dujardin. Diameter 58-65 /£. Hum- 
mock Pond. 

7. Difllugia pyriformis Perty. Length 90-102 //; breadth 
45-54 //; aperture 21-24 /£. 

Sm^l. Common in Gibb's and Wigwam Ponds and in sphag- 
num. 

8. Difllugia acuminata Ehrenberg. Length 125-168 //; breadtk 
40-71//; aperture 12-27//. 

Of small size. Wigwam Pond and from bog moss. 

9. Difllugia corona Wallich. The only specimens referable to- 
this species were from Wigwam Pond. These were of the usual 
shape but somewhat undersized and their shells instead of being^ 
composed of sand grains were almost entirely made up of diatom 
frustules. Diameter 112-132 //; aperture 50 //. 

10. Difllugia constricta Ehrenberg. Length 60-87//; breadtk 
36-46 //; aperture 18 //. Specimens of this species were foun(J in 
but one lot of material and in this they were common. They^ 
were from bog moss near the town. The specimens were all 
undersized. 

11. Difflugia lobostoma Leidy. Length 84//; breadth 52//;. 
aperture 13 //. From sphagnum. 

12. Lecquereusia spiralis Ehrenberg. Length 94 //; breadth 
68 //; thickness 58 //. 

This species was found in material from the north head of Hum- 
mock Pond only. The shells were composed of the peculiar pel- 
lets characteristic of this species. The specimens were small for 
the species. 

13. Euglsrpha alveolata Dujardin. Length 90 //; breadth 75 //;. 
aperture 23 //. 

This species was met with but once, viz,f in material from Wig- 
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warn Pond. The specimens of this species differ from those of 
most of the others in being of at least medium size for the species. 

14. Euglypha dliata Ehrenberg. Length 44-65 fi; breadth^ 
minimum 20-24 fi; maximum 25-40 jm; aperture, maximum 14.5 /x^ 
minimum 10 //. 

This species may be called common. It was found in material 
from Hummock Pond and in various collections from bog moss. 
Unlike the preceding species of this genus the specimens as a 
rule were undersized. 

15. Assolina Beminulum Ehrenberg. Length 48 pt; breadth 
38 fi; thickness 17 jm. 

Specimens of this species were found in material from the south 
end of Hummock Pond. They were of small size. 

16. Heleopera sphagni Leidy. Length 145 fi; breadth, max- 
imum 100 //, minimum 48 /x. 

This species was found only once but in that material it was 
common. It was from sphagnum near the north end of Hum- 
mock Pond. In size the specimens as a rule were above the 
average for the species, but were comparatively thin. 

17. Heleopera petricola Leidy. Length 102 /z; breadth 60//; 
aperture 39 //. From sphagnum. 

18. Nebela coUaris Ehrenberg. Length 81-150//; breadth 
58-76//; aperture 16-23//. From sphagnum. 

19. Nebela caudata Leidy. A single specimen of this rare 
species was obtained from sphagnum. 

20. Gyphoderia ampulla Ehrenberg. Length 110-112 //; 
breadth 38-46 //; aperture 10-12 //. 

In a collection from bog moss near the town this species was 
abundant, but was not met with elsewhere on the island. The 
specimens were of very uniform size and small for the species. 

21. Trinema enchelys Ehrenberg. Length 29-70//; breadth 
12-34//; aperture 4-13 //. From sphagnum. 

22. Acanthocystis spinifera Greef . Diameter with spines 75 //. 
Specimens which seemed to be this species were found in 

material from Reedy Pond. They closely approximate the fig-^ 
ures of a species of this genus figured by Leidy without a specific 
name. 

Boston Society of Natural History 
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NOTES AND LITERATURE 
ZOOLOGY 

Weismann's Theory of Descent.^ — "When a life of pleasant labor 
is drawing towards a close the wish naturally asserts itself to gather 
together the main results, and to combine them in a well-defined and 
harmonious picture which may be left as a legacy to succeeding gen- 
erations." Thus does the genial author set forth the aim and motive 
of his book. And no biologist can fail to be grateful for the publica- 
tion of these charmingly readable lectures, presenting in two ample 
volumes the best thoughts of a clear and vigorous thinker. The 
translation into English has been admirably done. 

The early chapters set forth once again the data of evolution and 
the most striking examples of adaptation, for many of which, in the 
reviewer's opinion, no other explanation so satisfactory as that of 
natural selection has ever been offered, and which consequently justify 
the further elaboration of the theory to which the book is devoted. 
Four more chapters present the facts of germ cells and fertiUzation 
and then the germ-plasm theory is elucidated; criticisms directed 
against it are answered; various accessory theories, particularly that 
of intragerminal selection are set forth; and finally its relation to the 
formation of species is fully discussed. 

It is impossible in the space of a brief review to set forth Weismann's 
standpoint; it is unnecessary, also, for it is already well known to most 
naturalists. A few words may, notwithstanding, be devoted to his 
most recent accessory hypothesis upon which he lays the greatest 
possible stress, that of Germinal Selection. In attempting to explain 
the gradual disappearance of organs he first hit upon the hypothesis 
of panmixia but, however satisfactory as a factor of incipient deteriora- 
tion, it became clear that panmixia could not account for complete 
elimination. The necessary hypothesis was found in a struggle 
among the organ-determining germinal particles — the determinants 
— due to the limitations of nutrition supplied to the germ cells. The 

Weismann, A. The Evolution Theory. Translated ^dth the author's co- 
Operation by J. A. & Margaret R. Thomson. London, E. Arnold, 1904. 8vo, 
2 vols., xvi + 416 and 405 pp. 
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weaker determinants get less food, grow less well, and consequently 
become in turn still less capable of nutrition. Once started on the 
downward path the determinant descends more and more until it is 
wholly eliminated. Nothing can save the determinant from this fate 
except the elimination by natural selection of the adults of the strain 
possessing the deteriorating determinant — and this will only happen 
when the degenerating organ again becomes necessary to the welfare 
of the postembryonic organism. 

Not only the degeneration but also the upbuilding of an organ can 
be explained by the hypothesis of germinal selection. For a certain 
strong determinant once having been selected, it will gather to itself 
all available nutrition at the expense of the other determinants; it 
will flourish in the race and will only stop its continual accretions 
when it produces organs so developed as to be disadvantageous to the 
active organbm. 

In criticbing this hypothesis one can only admit that it explains so 
many facts that we hope it will some day be demonstrated. As it is, 
it stands to-day a bald hypothesb based on numerous probable but 
unproven assumptions. 

Coming now to Webmann's position on the origin of the specific 
type we find it of interest as being clearly opposed to that of de Vries. 
Both theories accept the idea of unit characteristics which are repre- 
sented in the germ by particles. The theories begin to diverge in 
respect to these particles. De Vries concludes that these particles 
change suddenly, probably by molecular changes within them, so that 
a new characteristic arises suddenly and tends thereafter to persbt. 
The characteristic may be modified by selection, but its essential 
nature cannot be changed thereby. Webmann on the contrary 
regards these particles as being in a constant state of variation which, 
when continued long in one direction, will result in the elimination 
of a character or in its excessive development. Species are ori^ally 
connected by transition forms as are to-day the terrestrial snaib of the 
Celebes (page 299). Webmann repeatedly emphasizes the idea that 
all variations are quantitative and that "what appears to us a quali- 
tative variation is, in reality, nothing more than a greater or less" 
(vol. 2, p. 151). Here then we have clearly set forth the issue between 
de Vries and Webmann: one maintains that variations of phylo- 
genetic significance are always qualitative; the oAer, that they are 
quantitative only. Thb difference between the two schoob would 
seem to be a qualitative one. But alas for the peace of mind of him 
who seeks clear distinctions, the quantitative may produce the qualita- 
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tive, as Weismann points out (vol. 2, p. 152) I He says, a cell changes 
its constitution (i. e, undergoes a qualitative change) when "the pro- 
portion of the component part and chemical combinations" is dis- 
turbed, "when, for instance, the red pigment-granules which were 
formerly present but scarcely visible increase so that the cell looks red. 
If there had been no red granules present, they might have arisen 
through the breaking up of certain other particles — of protoplasm, 
for instance, in the course of metabolism, so that, among other sub- 
stances, red granules of uric acid or some other red stuff were pro- 
duced. In this case also the quaUtative change would depend on an 
increase or decrease of certain simpler molecules and atoms consti- 
tuting the protoplasm molecule." The foregoing quotation sets forth 
clearly Weismann's conception of the way in which a wholly new 
character may arise and I imagine that de Vries would accept the 
hypothesis. They would differ only as to whether there was at first a 
great chemical change or a slight one increasing with successive gen- 
erations. Thus the essential difference between de Vries and Weis- 
mann shows itself to be one of degree only. 

C. B. D. 

The Oyster.^ — A very fascinating book presenting in a thoroughly 
scientific, yet in a readable and popular style the complete develop- 
ment and anatomy of the oyster, the possibiUties of oyster culture, 
the cause of the decline in our oyster industry, and the remedy. 

One can hardly realize that since statistics have been kept (1865), 
there have been taken from the Chesapeake Bay, upwards of four 
hundred million bushels of oysters. "This inconceivably vast amount 
of delicate, nutritious food has been yielded by our waters without 
any aid from man. It is a harvest that no man has sown; a gift 
from bounteous nature." 

This great productiveness shows how favorable this body of water 
is for the oyster, and what might be done under judicial management 
and culture. It is doubtful if the present areas of oyster beds (about 
two hundred square miles) can ever regain their former prestige even 
if they could be utilized to the best advantage by culture. The de- 
mand has continued and will continue to outgrow the supply. The 
area occupied by the natural beds, however, covers but a small por- 



*Brooks, William K. The Oyster. A Popular Summary of a Scientific Study, 
Second and revised edition, with introductions by Daniel C. Gilman and Ira 
Ramsen. Baltimore, Johns Hopkins Press, 1905. 12mo, 225 pp., illus. 
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tion of the bottom suitable for oyster-fanning, "and it is safe to esti- 
mate the total area of valuable oyster-ground in our state at one thou- 
sand square miles." If this vast area could be properly developed, 
there should be a good supply for years to come. The author points 
out clearly what should be done, and we trust he will have the coopera- 
tion of every intelligent man in saving and redeeming this great in- 
dustry. 

C. W. J. 

Sea-shore Life.* — Dr. Mayer has presented to the public a popular 
work which, while not without merit, shows a carelessness in arrange- 
ment and constant misstatement of facts which we hardly expect in 
these days when accuracy and precision of classification are considered 
of paramount importance. 

The book presents a truly attractive appearance, and the figures 
with few exceptions are new and really valuable. The closing table 
of references seems well chosen. 

The text, however, is the part which gives most evident signs of 
hasty preparation. The sections dealing with **Jellyfishes and Hy- 
droids" and with "Sea Anemones and Corals" reveal no startling 
peculiarities, nor, except for rather unimportant details, do the fol- 
lowing sections until we arrive at that entitled "The Crustaceans." 
Here the arrangement is startling indeed. Under the subheading 
"The Barnacles," the following genera are discussed and figured: 
Balanus, Coronula, Lepas, Homarus, Palinurus, and Alpheus, 
"The Cra}^shes" follow in a perfectly rational manner. Next 
come "Shrimps and Prawns." On page 89 we read: "Shrimps are 
known to science as the Schizopoda!" And now these following 
genera, presumably Schizopods are discussed Crangon, Palaemon- 
etes, Penaeus, Stenopus, and last but by no means the least in this 
connection, Mysis. Among the "Hermit Crabs" we find Hippa 
and Squilla. On page 107, Geocareinus occurs among the "Fid- 
dler Crabs," and under this same main heading the spider crabs and 
Limulus. Among the molluscs under the heading "The Fresh-water 
Mussels," we find Pecten, Anomia, and Meleagrina. 

We must not, however, presume to be hypercritical. For all its 
peculiarities this book will probably amuse as many as it leads away 
from the devious paths of correct scientific classification. 

T. B. 

*Mayer, A. G. Sea-shore Life. The Invertebrates of the New York Coast, 
New York Aquarium Series, No. 1. Published by the New York Zoological 
Society, 1905. 8vo, 181 pp., 119 figs. 
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Aider and Hancock's British Tunicata.^ — At last, thirty-eight 
years after the death of one of the authors (Alder), and thirty-two 
years after the death of the other, this work on British Aseidians, long 
known by students of the group to be hidden away somewhere in 
manuscript, has emerged to the light of day in a well printed volume 
of 146 pages and 20 plates, dressed in the famiUar costume of the Ray 
Society's publications. 

The historical statement by Canon Norman, a personal friend, if 
1 mistake not, of both authors, gives briefly the vicissitudes through 
which the work has passed both before and since the authors laid it 
aside for the last time. There is something rather melancholy in a 
story like this. Pity it Is, first having regard for these worthy natur- 
alists themselves, that the fruits of their labors might not have long 
ago reached the hands of other students of these animals. Thus 
would a field of knowledge have been enriched, and deserving men 
could have received the recompense of acknowledgment richly their 
due, which by this delay has been largely denied them. And the 
sombemess of the picture will be increased a little for many natur- 
alists by the query, with some undoubtedly made more real by j>er- 
sonal experiences, as to how far works of their own hands may have 
a similar fate in store for them. 

One of the serious difficulties that has always been encountered by 
proposals to publish this monograph, Mr. Norman tells, has been the 
illustrations. A great number of these was left particularly by Mr. 
Hancock. Of these many were in various stages of elaboration, so 
that the two-fold problem of what to do with unfinished drawings^ 
and of providing funds for reproducing the large number that was 
finished had to be met. But little use has been made, we are given 
to understand, of the unfinished figures. Even so, about 140 are 
published in the plates, 75 of which are colored ; and there are 23 text 
figures. There can be little doubt that the illustrations will consti- 
tute one of the chief values of the work. Most of them are admirably 
drawn, and the reproduction is in the main good. The habitus fig- 
ures should be specially useful as a seaside aid to identifying the species. 

A historical sketch of the knowledge of the group introduces the 
work proper. This would have been of high value had it been pub- 
lished long ago; but with the recent extensive studies on the liter- 
ature by Herdman and Seeleger, this portion of the monograph is 
made to a considerable extent antiquated. 

* Alder, J., and Hancock, A. The British Tunicates. Vol. I. London, 
published by the Ray Society, 1905. 8vo, 146 pp., 20 pis. 
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Hancock's well known paper "On the Anatomy and Physiology 
of the Tunicata," originally published in the Journal of the Linnean 
Society, 1867, is appropriately reprinted here. 

Naturally and very wisely, Mr. Hopkinson has refrained from any 
revisions of the text beyond what was absolutely necessary to rectify 
obvious typographic errors. It results from this that in several partic- 
ulars both as to interpretation of structure, and classification, there is 
want of conformity to views now held. The most striking thing in 
this regard k the contention for the molluscan affinities of the tuni- 
cates. (The only discussion, however, of this question is that con- 
tained in Mr. Hancock's memoir above referred to.) The argiunents 
put forward in support of this view are decidedly interesting reading 
from a historical point of view, and from the standpoint of now 
approved criteria of homology. It is surprising that Hancock 
should have failed even so much as to mention the theory of the 
vertebrate relationships of the group. One must suppose that at 
the time of writing this memoir the author had not yet become 
acquainted with Kowalevsky's important paper on embryology, 
published the year before. The only clue given us as to what either 
author's later views were on this fundamental matter, is found in the 
reference to a paper by Hancock, published in 1870, "On the Larval 
State of Molgula" etc. Here the author concluded that since there 
are two distinct modes of development in closely allied genera of the 
Tunicata, the tadpole condition is non-essential; and he expressed 
the belief that this fact would influence the theory of the vertebrate 
relationship of the group. 

This volume treats only of the genus Ascidia, in the systematic 
part, as the genus was then understood. Thirty species are regarded 
as "good," and five varieties are recognized. 

Although the volume is numbered one, I see no indication that 
another is to follow. 

It is certainly well that this work is now published, but as certainly 
it would have been much better could it have been done long years ago. 

W.E.R. 

SchilUngs's With Plash-light and Rifle.*— The rapidity with which 
the larger mammals of Africa are becoming exterminated makes it 

1 Schillings, C. G. With Flash-light and Rifle. Photographing by Flash- 
light at Night the Wild Animal World of Equatorial Africa. Translated and 
abridged by Henry Zick, Ph. D. New York, Harper Brothers, 1905. 8vo, 
xiii + 421 pp., illus. 
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imperative that no time be lost in procuring specimens for study and 
in investigating their habits. Schillings, a German hunter-naturalist, 
is one of several explorers who in recent years have made expeditions 
into the Dark Continent and have brought back valuable collections 
of its rich faima. 

Four expeditions were made into Grerman East Africa by Schillings, 
and a large nmnber of carefully prepared specimens of the more im- 
portant game mammals were secured and brought to Berlin for the 
imperial musemn. Several new species have been described from 
this material (mainly by Matschie) and many others have been forms 
that are very rare in collections. The present work is mainly an ac- 
count of the experiences of Herr Schillings during these four journeys 
into the African wilderness, and is translated and abridged by Henry 
Zick from the original Mit Blitzlickt und BUchse (1905). 

The chief feature of the book is the large number of photographs 
of these animals in their natural surroundings, taken by the author 
during his three last expeditions. Many of these pictures are remark- 
able and extremely valuable, taken at night by flashlight as the ani- 
mals came to the water-holes to drink. Other views were obtained 
by means of a telephoto lens and illustrate a number of the antelopes 
and other day-feeding species. Those of the giraffe, the zebra, the 
lion, and the leopard are particularly noteworthy. Many of the pho- 
tographs, however, are altogether too indistinct to be of any value, 
though from an impressionist's standpoint they may pass as pictures. 
These less satisfactory views have been largely omitted from the 
English edition, however. 

While the photographs are the main feature of the book and by 
themselves are of permanent value, the narrative is also of interest 
as a popular treatise on the habits of the species dealt with. A num- 
ber of notes on the larger mammals are recorded in the course of the 
narrative, such as the blending of the black and white striped zebras 
with "the colors of the steppe, so that they are hard to distinguish even 
at close range" and "under certain lights they appear grayish." That 
lions at certain times of the year may be found in "troops" of as many 
as seventeen the author has had personal proof. It is also true that 
the lynxes of our own country may at times be found in packs although 
a recent nature writer has dogmatically denied this. The versatility 
of the long-necked Waller gazelle is shown in its habit of standing on 
its hind legs, after the manner of goats, in order to increase the vertical 
extent of its feeding range. In addition to chapters on the rhinoceroses , 
the elephant, the lion, the giraffe, the zebra, antelopes, and the smaller 
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carnivores, the latter part of the book deals particularly with the in- 
habitants of the country and the diflficulties that confront the explorer. 
The translation is in the main good, though marred here and there 
by a grammatical error and by a certain looseness of expression, as 
where scorpions are termed "reptiles," and hippopotami are famil- 
iarly spoken of as "river hogs"; the use of capitals for the authority 
of Latin names seems also to have afforded a stumbling block. An 
index might have added to the usefulness of the book. 

G. M. A. 

Notes. — Recent Extension of the Range of the Green Crah, About 
the year 1892 or 1893, I first began to notice at Cohasset, Mass., an 
occasional specimen of a green crab. These crabs were about two 
inches in diameter and were seen at low tide on the mud flats about 
our float in company -mih. Cancer irroraia. From that time on I 
noticed a gradual increase in their numbers but thought nothing of 
it until 1902, when a reference to a "green crab" in a physiology lec- 
ture made me wonder if the crab which had recently become so abun- 
dant at Cohasset was the same as that experimented upon. On 
submitting specimens to Dr. Walter Faxon for determination, I learned 
that they were Carcinides mcenas, a species that was not believed to 
occur north of Cape Cod. In the course of the summer I collected 
specimens at the following additional localities: Nahant, Lynn, and 
Ipswich, Mass., and Kittery, Maine. In the same year (1902) it was 
collected at Manomet Point, Mass., by Mr. J. A. Cushman, and a 
record of its occurrence at Portland, Maine, was obtained by Dr. 
Faxon. Miss Mary J. Rathbun in her "List of New England Crus- 
tacea," gives the following additional localities in Maine: Harpswell; 
New Meadows River, near Harpswell; and Eagle Harbor, Casco 
Bay; all, I believe, based on records obtained shortly previous to 1904. 

The next spring, 1904, I determined to find out just how far to the 
eastward the green crab had reached, but gave up the undertaking 
after several attempts to procure specimens from Cohasset had proved 
unsuccessful and after hearing from Kittery that there were practi- 
cally none to be found there. The winter of 1903-04 had been unusu- 
ally severe along the shore and the ice consequently very thick. It 
had scraped every bit of eel grass from off the mud flat at the edge of 
which the year before I had been able to find an abundance of green 
crabs and it had probably killed off the crabs along with the eel grass. 
During the summer I made careful search for more specimens of 
Carcinides at every locality where I collected and especially at Cohas- 
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set, but did not find so much as a dead carapace. Mr. Cushman, 
however, after considerable hunting, managed to secure a few living 
specimens at Manomet Point. Farther north they seem to have been 
for the time exterminated. 

It is unfortunate that accurate dates cannot be given for the first 
appearance of this crab at the various stations where it has been takea 
north of Cape Cod. All the data I can offer on this point are: (I) 
my impression that they first appeared at Cohasset about 1893; (2) 
the statement of Mr. Stephen Decatur that he began to notice them at 
Kittery, Maine, at about the same time; (3) the negative evidence 
that the species b not included in Professor Kingsley's "Invertebrata 
of Casco Bay" published in 1901 ; and (4) the fact that my uncle. Dr. 
W. S. Bryant, who did considerable collecting and dredging at Cohas- 
set about twenty years ago, had never seen them there. 

From these data it appears that the extension of the green crab's- 
range from Cape Cod to at least as far north as Kittery, Maine, oc- 
curred very rapidly; that it worked its way slowly along the shore 
from the neighborhood of Kittery; and that it is not yet permanently^ 
established north of Cape Cod. 

At Cohasset this last summer, 1905, I found a few dead immature 
specimens washed up, and on November 19, 1905, Mr. T. Barbour 
and I collected several living specimens, some nearly full grown, in 
tide pools on one of the other reefs. There is hope, therefore, that 
it may again, after a few favorable seasons, become common north 
of Cape Cod. 

The green crab is found in tide pools, along the edge of mud flats, 
on beaches, and under overhanging rockweed. It does not seem to- 
burrow in sand or mud as does Cancer, when it is left by the tide. It 
is therefore easily detected and its presence or absence should be noted 
by everyone who has the opportunity to obsen'e the fauna of our north- 
em New England coast. 

Owen Bryant 

The Pelvic Region of the Porpoise, Because of the degeneration 
of the pelvic girdle in the porpoises and other cetaceans, it has 
been impossible on purely osteological grounds to state with pre- 
cision which vertebrae in these animals correspond to the sacral ver- 
tebrae of other mammals. Knauft (Jen, Zeitschr. f, Naturw., vol. 40, 
pp. 253-318) has attacked this problem from the standpoint of the 
spinal nerves and has shown that the vertebral column is so related 
to the lumbo'Sacral plexus in the porpoise that instead of possessing 
14 lumbar vertebrae as has been generally assumed, this animal has 
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only 6 and that consequently its sacral vertebrae are much more ante- 
rior in position than has heretofore been supposed. 

G. H. P. 

Adaptations in the Arteries of the Horse. B&mer {Jen, Zeiischr, /. 
Naturw,, vol. 40, pp. 319-382) in a study of the thoracic and abdom- 
inal arteries of the horse has shown that the structure of the arteries 
varies with the blood pressure, the mechanical relations to the sur- 
roimdings, and the functional relations of the vessels. As the blood 
pressure decreases in the more distant vessels the arterial walls become 
thinner and take on more the character of muscular tubes. Where 
arteries receive support from surrounding parts, as for instance where 
the aorta pierces the diaphragm, their walls are thin. Finally adap- 
tations are to be seen where special conditions exist; thus the vertebral 
artery has its elastic elements unusually developed in relation to a 
demand for the utmost freedom of movement in the horse's neck. 

G. H. P. 

Two New Chipmunks. Dr. C. H. Merriam (Proc. Biol. Soc. 
Wash., June, 1905) describes two new chipmunks of unusual 
interest. One of them, called Eviamias amcenvs operarius, is the 
common little four-striped species of the Boreal zone in Colorado. 
It has been referred to Say's E. quadritittatits, but that species lives 
in the foothills, and the mountain form is actually nearest to E. amcmus 
of the Califomian Sierras. In view of the widely severed habitats of 
the forms operarius and amcmus, and the absence of any evidence of 
intergradation, it would seem that the Colorado animal should rather 
rank as a full species, Eviamias operarius. The other new chipmunk 
is E. hopiensis, an unusually handsome form from the Painted Desert, 
Arizona. T. D. A. C. 

The Ant Genus Liomstopum. Dr. W. M. Wheeler {BuU. Amer. 
Mus. Nat. Hist., Nov., 1905), gives an interesting revision of the genus 
Liometopum, as found in North America, with a discussion of the 
habits of the species. The geographical distribution of Liometopum 
is of especial interest, as it is one of those types which .may be desig- 
nated paleeoboreal; that is to say, it appears to have had a boreal 
distribution in times past, but has now been driven south, where it 
persists, with few representatives, in the southern parts of the temper- 
ate zones of both hemispheres. Herein it reminds one somewhat of 
the butterfly genus Pamassius, but it differs from that in the smaller 
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number of species, and the much less alpine habitat. The species 
are three, so far as known: L, microcephalum of southern Europe, 
L. lindgreeni of Assam and Burma, and L. apiculaium (with varieties 
or subspecies occidentale and luctuosum) of western North America. 
In New Mexico L. apictdatum ascends to about 8000 ft., and in Mex- 
ico even somewhat higher. T. D. A. C. 

Ichthyological Notes. — In the Memoirs of the New South Wales 
Naturalists' Club, (no. 2, 1904), Mr. Edgar R. Waite gives a 
most useful catalogue of the fishes of that State, with reference to the 
descriptions of each species. Mr. Waite has adopted a modem 
^quence in his classification and the names adopted by him show 
a praiseworthy attention to the necessary rules of nomenclature. 
Five hundred and twenty-six species are enumerated, most of them 
occurring in the harbor of Sydney. 

In the Records of the Australian Museum, 1904, vol. 5, Mr. Waite 
has a useful review of the gobies with separate ventrals, known as 
Eleotrids, foimd in the waters of New South Wales. In another 
paper in the same Records, Mr. Waite discusses the breeding habits 
of the Fighting Fish, Belta pugnax. 

In the Transactions of the New Zealand Institute, Professor W. B. 
Benham of Otago University describes a new species of the great 
pelagic Oar-fish, under the name of Regalecus parkeri. 

In the Meddelelser fra Kommissionen for Havundersdgelser, of Den- 
mark (vol. 2, no. 7, 1905), Dr. Adolph Severin Jensen gives a mono- 
graphic account of the ear-stones of fishes dredged in the "Polar 
Deep." He develops the fact, hitherto unknown, that otoliths in 
great quantities are deposited in the northern seas at the present 
time. Many of these belong to the small codfish, Micromesistius 
potUassou, a fish not properly reckoned as arctic. 

In the Bulletin of the Bureau of Fisheries for 1904 (vol. 24) Mr. 
Frederick A. Lucas discusses the osteology of the Tile-fish, Lopho- 
latilus chanusleonticepSf a singular fish of the depths of the Atlantic. 
He finds the family Latilidse, to which it belongs, well defined, and 
well separated from Malacanthus and from Bathymaster, which 
have been wrongly associated with it. In the same Bulletin, Mr. C. 
E. Silvester discusses the blood-vascular system of the Tile-fish. 

In an elaborate paper in the Proceedings of the Washington Aca- 
demy of Sciences, William F. Allen, of Stanford University, describes 
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in great detail the circulatory system in the fishes with mailed cheeks, 
or Loricati. Among other things he shows that the Ophiodontida^ 
and the Zaniolepidee, should be separated, as dis inct families, from 
the Hexagrammidse. 

In the Memoirs of the New York Academy of Sciencey (vol. 2, 1905), 
William E. Kellicott gives an elaborate and useful account of the 
development of the vascular and respiratory systems of the dipneu- 
stan genus, Neoceratodus. He calls this genus by the same name 
as its extinct ancestor or predecessor, Ceratodus. 

In the Bulletin of the Illinois State Laboratory of Natural History, 
Dr. S. A. Forbes and R. E. Richardson describe a new §hovel-nosed 
Sturgeon from Illinois River, under the name of Parascaphirhynchus 
aJbus, This species is found mixed with the ordinary Shovel-nose, 
Scaphirhynchus platorhynchus in the proportion of about one to five 
hundred. The new genus has the belly and breast naked, the ribs 
twenty or twenty-one. In Scaphirhynchus, the belly is mailed, the 
ribs ten or eleven only. 

In the Bulletin of the United States Bureau of Fisheries for 1904r 
Mr. Chancey Juday, of the University of Colorado, records the spe- 
cies of fishes in Boulder Creek, twenty-five in number, one of them,. 
Leumscus evermanni, being new to science. 

In the same Bulletin (vol. 24, 1904) Professor Kakichi Mitsukuri 
of the Imperial University of Tokyo, discusses the domestication or 
breeding of various fishes, turtles, clams, etc., in Japan. His account 
of the aberrant forms of the gold-fish, Carassius auratus, is especially 
interesting. About thirty monstrous forms are figured. 

In the same Bulletin (vol. 24, 1904) Dr. D. S. Jordan and Surgeon 
J. C. Thompson give an account of the fishes taken by the latter while 
stationed at the Tortugas in Florida. Two hundred and eighteen 
species are enumerated, several of them not previously taken in the 
waters of the United States. New species are: Holocentrus tortugce, 
Eviota personata, Gnathypops aurifrons^ and Execestides egregius^ the 
latter a new genus of Uranoscopidse. A new genus, EteUdes is based 
on the fish called Anthias aquilionaris. It differs from Etelis in the 
naked jaws, and the union of the two dorsal fins. 

In a volume on The Bahama Islands, by Dr. George B. Shattuck 
(Baltimore, 1905), Mr. Barton A. Bean contributes an annotated 
list of the fishes known, with a number of excellent colored plates, 
the work of Mr. A. H Baldwin. 
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In the Report of the Commissioner of Fisheries for 1904i Professor 
John O. Snyder, of Stanford University, discusses the distribution of 
river fishes about San Francisco Bay. He shows also that Leuciscus 
caurinus of Richardson is a true Leuciscus, and a species distinct 
from Mylocheilus lateralis, hitherto supposed to be the same. Ptycho- 
cheilus grandis of the Sacramento is also, as Agassiz supposed, dis- 
tinct from P. oregonensis, of the Columbia. 

Mr. T. Kitahara (Annot, ZooL Jap., for 1904) of the Japanese 
Bureau of Fisheries corrects the nomenclature of some of the trout 
and salmon of Japan, as given by Jordan and Snyder in 1902. He 
shows that the "Ito" should stand as Hucho perryi, and the 
^'Masu," ajs Salmo masou. The "Iwana," Salvelinus pluvius, he 
regards as identical with Salvelinus malma. 

Jordan (in the same Annotationes, and in the Proc. U. S- Nat. 
Mus., vol. 27) reviews Mr. Kitahara's paper, recognizing the following 
. species of Salmonidee in Japan : — 

Oncorhynchus nerka (Walbaum) ; Beni-masu. 

Oncorhynchus milkschitch (Walbaum) ; Gin-masu. 

Oncorhynchus keta (Walbaum) ; Shake or Sake. 

Oncorhynchus gorhuscha (Walbaum) ; Karafuto-masu. 

Salmo masou (Brevoort) ; Masu, Ame-no-uwo, Yamabe. 

Hucho perryi (Brevoort); Ito. 

Salvelinus malma (Walbaum) ; Iwana, Ame-masu. 

Salvelinus kundscha (Walbaum). 

Plecoglossus altivelis (Schlegel) ; Ayu. 

The king salmon, Oncorhynchus tschawytscha (Walbaum), has 
been since recorded from the northern part of Hokkaido, in a letter 
from Mr. Kitahara. Mr. Kitahara also notes the capture of Salnw 
rivularis, the California Steelhead Trout, (wrongly called Salmo 
gairdneri), off the northern part of the main island of Hondo. These 
two species should be added to the Japanese list. 

The most elaborate faunal monograph yet published by the Bureau 
of Fisheries, and one of the most beautifully illustrated volumes in 
existence is the report of Jordan and Evermann on the fishes of Hawaii, 
published as part of the Bulletin of the United States Fish Commis- 
sion for 1903, the last bulletin issued before the change of the name of 
the Commission to that of the Bureau of Fisheries. 

In this volume are described in full four hundred and thirty-nine 
species of Hawaiian shore fishes, nearly all of which are admirably 
figured. Especially noteworthy are the seventy-three colored plates 
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taken from life in Honolulu and Hilo. Most of these are the work 
of C. B. Hudson and A. H. Baldwin. Captain Hudson's paintings, 
made in oil, from living fishes in the aquarium, here perfectly repro- 
duced, constitute beyond question, the finest series of fish portraits 
ever made by any artist. The wonderfully rich fish fauna of the 
Hawaiian Islands is now one of the best known in the world. 

This fauna is frankly and entirely tropical and almost all the spe- 
cies belong to genera found in the South Seas. The species are, 
however, in large part different. Of the four himdred and thirty- 
nine species recognized, two hundred and thirty-two are confined,, 
so far as known, to Hawaii; one hundred and forty-two are found 
also in Samoa and Fiji; fifty-three are common to Hawaii and Japan, 
and thirty-four to Hawaii and the offshores of Mexico. The singular 
isolation of Hawaii, which, so far as fishes are concerned, has no paral- 
lel among other tropical island groups, may be due in part to the 
directions of the ocean currents. These currents seem to play a 
large part in the transportation of species, by floating young fishes 
from place to place. 

The collections on which this volume is based have been made by 
the authors, by OUver P. Jenkins, the first to collect on a large scale 
in Hawaii, by Charles H. Gilbert, John O. Snyder, Walter K. Fisher, 
Charles C. Nutting, Michitaro Sindo, and others. 

Part 2, of the same Bulletin^ issued as a separate volume, contains 
an account of the fishes taken about Hawaii in the deep-sea work of 
the Albatross. This volume is by Dr. Charles H. Gilbert, who was 
naturalist in charge on the Albatross in 1902. 

About eighty species were obtained in the deep seas. Nearly all 
of them are new, an addition to our knowledge of fishes with few par- 
allels in the records of deep-sea dredging. Many new genera are 
included, and a considerable number of the offshore genera of Japan 
have their range extended to Hawaii. Among these are Pegasus, 
Aracana, Gadomus, Hoplichthys, Melanobranchus, Lophiomus, Cal- 
liurichlhys, and Polymixia. 

This volume is to be commended for the careful accuracy of the 
descriptions and for the excellence of the plates. 

The Philosophical Institute of Canterbury in New Zealand pub- 
lishes an index to the New Zealand Fauna by Captain F. W. Hutton. 
In this volume is a list of the species of fishes known — without syn- 
onyms or references, the nomenclature being apparently carefully 
considered. 
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In the Proceedings of the Academy of Natural Sciences at Phila- 
delphia (1905) Henry W. Fowler publishes a number of papers on 
rare or little known species of fishes in the museum of the Academy. 
One of these treats of fishes of Borneo, with a nimiber of new genera 
and species; another of Arctic fishes, from Port Barrow; another, 
in connection with Dr. Benjamin Sharp, on the fishes of Nantucket. 
Two others treat of rare or little known forms allied to the Mackerel. 
A new subgenus. Sierra, is proposed for Scomheromorus cavalla; 
another, Lepturacanthus, for Trichiurus savala, Caranx ruber be- 
comes the type of Elaphrotoxon and Vexillicaranx is typified by 
Caranx africanus, Rhapiolepis is based on Scomberoides tol. The 
Pilot-fish of the Pacific, found in Hawaii and Japan is described 
as Naucrates polysarcus, the type being from the West Coast of 
Mexico. If the species is valid, some one of the older names, given 
to Pacific specimens may belong to it. 

In ttie Proceedings of the United States National Museum (vol. 28), 
Dr. Theodore Gill has a number of short papers on new points in 
ichthyology. Prionotus steamsi, a smooth-headed gurnard from 
Florida, is the type of a new genus, Colotrigla. The insertion of 
the pectoral fins furnishes the chief distinctive pecuUarity. Simopias 
is a new name proposed as a substitute for Pelor, preoccupied, and 
Rhinopias is proposed as the generic name for the singular Scorpcsna 
frondosa of Martinique. The subfamily Pelorinse becomes Inimi- 
cinse, for the genus Inimicus. Neosebastes entaxis, a Japanese fish, 
is properly removed from Neosebastes to become the type of Sebas- 
tosemus Gill. 

In the Report of the United States Commissioner of Fisheries, Dr. 
Gill gives- an interesting historic review of the ichthyology of Massa- 
chusetts. Attention is called especially to the number of waifs, 
yoimg fish from the tropics, found each year, where the Gulf Stream 
reaches the coast of Massachusetts. 

In the Proceedings of the United States National Museum (vol. 28, 
1905), Messrs. Jordan and Scale discuss the collection of fishes brought 
by Professor Bashford Dean from the island of Negros in the Philip- 
pines. One hundred and eighteen species, mostly small fishes from 
the coral reefs, were obtained, of which eighteen are new to science. 
The fish fauna of the Philippines is essentially that of the East Indies, 
with a dash of forms from the shores of Hindostan. 

In the same Proceedings, Dr. Peter Schmidt of St. Petersburg dis- 
cusses the huge Japanese Snail-fish, Trismegistus owstoni, and con- 
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<!ludes that its peculiar prickles do not justify generic separation from 
Liparis. 

In the Smithsonian Miscellaneous Collections (vol. 45, 1904), Hemi- 
barhus joiteni^ a large chub from China, is described by Jordan and 
Starks. 

In the Proceedings of the United States National Museum, (vol. 
28, 1905), Dr. C. H. Gilbert and Surgeon J. C. Thompson discuss 
<jertain rare fishes collected by Dr. Thompson in Puget Sound. Two 
new species, both sculpins, are described: Stelgidonotus latifrons, 
and Malacocottus kincaidiy the first a type of a new genus. Artediv^s 
'Osperulus Starks proves to be the young of Astrolytes Jenestralis. 

In the same Proceedings, Messrs. Jordan and Starks discuss the 
fishes collected by Pierre L. Jouy on the coasts of Korea. Seventy- 
one sj>ecies were obtained, a considerable number of which are new 
to science. The shore fishes are essentially those of Japan; the river 
fishes are nearly all new to science and of Chinese types. 

In the Annotationes Zoologiccs Japonenses, (vol. 5, 1905), Hans 
Sauter of Yokohoma describes a new fish from Japan, of the family 
Ateleopodidee, under the name of Ijirnaia dofleini. The genus Ijimaia 
differs from Ateleopus in the rather slight character of the shortened 
ventrals, and in the position of the mouth. 

In the Sitzungsbericht der Gesellschajt der naturjorschender 
Freunde, 1905, Mr. P. Pappenheim discusses the genera of Stur- 
geons, referring the Asiatic species of shovel nose, (Kessleria=Pseudo- 
scaphirhyncus,) back to the American genus Scaphirhynchus. There 
is no obvious justification for this arrangement. 

A. C. MacGilchrist {Ann, Mag, Nat. Hist,, ser. 7, vol. 15, 1905), 
-describes a new genus, Dysalotus, (D. alcocki), allied to Chiasmodon, 
from South Africa. 

Other short papers in the same Annals are by Mr. C. T. Regan, of 
the British Museum. From Tequesixtlan, Mexico, is described a 
new goby, Cotylopus jmnctatus. Pseudoxiphophorus pauciradiatus 
is held to be a valid species and a new " variety,'* whatever that may 
mean, is recorded from San Domingo de Guzman as Pseudoxipho- 
phorus himaculatus var. Upniatu^s. 

Another paper deals with the genera of Asiatic catfishes, Parexo- 
stoma, Chimarrhichthys, and Exostoma. Still another describes 
two new fishes from the Inland Sea of Japan, unfortunately without 
indication of exact locality, and a new minnow from Lake Biwa. 
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In another paper, Mr. Regan defends his treatment of the genus 
Arges against strictures made by Messrs. Evermann and Kendall. 

Useful revisions of certain South American genera of Cichlidae are 
also given by ^Ir. Regan. It is not clear that any useful purpose is 
served by changing the spelling of Crenicara, to Crenacara. The 
whole tendency in nomenclature at present is to let a name stand as 
it is written. Purism breeds confu ion. 

Dr. Rudolph von Ihering in the same journal describes four mailed 
catfishes from Brazil, additional to those contained in the monograph 
of Mr. Regan. 

In the Revue Su'sse, (vol. 13, 1905), Mr. Regan describes six new 
species of fishes in the museum of Greneva. One of these, Scujma 
(Bairdiella) hedoti is from Cuba. 

In the Proceedings of the Bombay Natural History Society, Mr. 
Regan describes a number of new species from the Persian Gulf with 
a series of excellent figures. 

In the Comptes Rendus of the Sixth International Congress, 1904, 
Dr. Jacques Pellegrin records a small coll ction of fishes from Lake 
Tchad, the first made in these waters. Its fauna is, however, not dis- 
tinct from that of the great rivers of Central Africa. Dr. Pellegrin 
also describes the hatching of the eggs of the perch-like fish, Tilapia 
galilcea, in the mouth of the mother. 

In the Report of the Commissioner of Fisheries for 1904, Ulysses 
O. Cox gives a revision of the cave fishes, Amblyopsidse, of North 
America, with figures of most of the species. At about the same 
time. Dr. C. H. Eigenmann describes two new species of cave fishes, 
{Biol. Bull, Ind. Univ., vol. 8, 1905). These are Typhlichthys 
Wyandotte, from Cory don, Indiana, and T. osborni from Horse Cave, 
Kentucky. 

In the Proceedings of the IVashington Academy of Science, Dr. C. H. 
Eigenmann and David P. Ward give an excellent monographic review 
of the South American fishes constituting the family of Gymnotidse. 
A few new generic names are propose^. 

Dr. Robert von I-^ndenfeld (Bull. Mus. Comp. ZooL, 1905) describes 
in detail the radiating organs of deep-sea fishes, with a series of admir- 
able plates. These organs, known as luminous organs or glands, 
are for the purpose of radiation of waves of hght, ultra red, perhaps, 
or in some cases of electricity. 
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In the Report on Norwegian Fishery Investigations, Dr. Robert 
Collett describes the species taken in the cruise of the Michael Sars in 
the North Sea. Valuable notes accompany the list of species. A 
new subgenus, Bathyalopex, is proposed for Chinusra mirahilis and 
for the Japanese sj>ecies, ChivuBra mitsukurii, in which the anal is 
not notched. 

In anothe paper, Collett describes a new lantem-fish, Lampadena 
chavesi, from the Azores. 

In two volumes, large quarto, under the title of A Guide to the 
Study of Fishes, Henry Holt and Co. publish a general account of 
fish life, fish structure, and fish classification by Dr. D. S. Jordan. 
This work is doubtless the most elaborate yet published on this topic. 
It is beautifully printed and fully illustrated, and the author has tried 
to put into it all that he knows about fishes which can have an interest 
to naturalists and to the cultivated public generally. Works of similar 
scope but less detailed in their treatment, are Dr. Giinther*s Intro- 
duction to the Study of Fishes and the volume on fishes in the Cambridge 
Natural History, this last work appearing almost simultaneously with 
Jordan's Guide. 

Dr. C. R. Eastman (Mim, Soc, GSoL de France, vol. 13, 1905) 
treats exhaustively of the Eocene fishes of Monte Bolca in the Museum 
d' Histoire Naturelle de Paris. A number of new species are de- 
scribed and figured. Not much account is taken of the questions of 
priority, else the preoccupied name, Platyrhina, would not be used 
for Discobatus of Garman, or Trygon for Dasyatis. Zanclus hardly 
belongs to or even near to the Carangidae, and Serranus, Apogon, and 
Dentex are not nowadays Percidse. But these are minor issues, in 
comparison with the elucidation of this earliest of fossil tropical fish 
faunas having a modem cast. 

In the Report of the State Geologist of New Jersey for 1904, Dr. 
Charles R. Eastman contributes a popular account of the significance 
of fossil remains of fishes. This is followed by a description of spe- 
cies found in the Triassic rocks of New Jersey, with photographic 
plates of numerous species. 

In the American Geologist, vol. 24, 1904, Dr. Bashford Dean shows 
that the Permian fish, Menaspis, may be a Chimseroid. 

Mr. L. Hussakof (Bull. Amer. Mu^. Nat. Hist., 1905), discusses 
the fish called Dinichthys intermedius, and its probable traits in life. 

An interesting and valuable biographical sketch of Peter Artedi, 
the ** father of ichthyology," is published by Einar Lonnberg, as a 



Digitized by 



Google 



No. 473] NOTES AND LITERATURE 393 

memoir in behalf of the Swedish Academy of Science. '* Artedi was 
the first to settle definitely the notion of genus in zoology and to make 
clear the difference existing between species and variety, to demand 
a classification on natural principles into classes, orders, etc., based 
inter alia on comparative anatomical investigation." This address 
marks the bicentennary of the birth of Artedi, March 10, 1705. 

The seventh volume of thfe Cambridge Natural History treating 
of the ** Fishes, Ascidians, etc.," is a most substantial and valuable 
contribution to our general knowledge of these groups. In this book 
of 753 pages, the Hemichordata, are treated by Dr. S. F. Harmer, 
the Ascidians and Lancelets by W. A. Herdman, the lower fishes by 
Dr. T. W. Bridge, and the Teleosts by Dr. G. A. Boulenger. The 
excellent account of the structure and physiology of fishes is by Dr. 
Bridge.* Throughout the volume, the treatment of the subject is 
accurate and dignified, though distinctly technical. The fossil forms, % 
represented by excellent plates, are placed in proper sequence with 
the living forms. Modem researches in the osteology of fishes have 
been carefully considered, and in general, more attention has been 
given to the rules of scientific nomenclature, than in most general 
treatises on ichthyology. A series of small maps showing the geo- 
graphical distribution of various groups is an excellent feature of the 
work. By placing the Cyclice, Ostracodermi, and Arthrodira in the 
appendix, Dr. Bridge is enabled to avoid any theory as to the actual 
relationship of each. The Cladoselachidfie are regarded as the most 
primitive of the known sharks, and the Crossopterygians as probable 
ancestors of amphibians, Dipneustans, and the bony fishes, in accord- 
ance with the carefully considered theory of Dr. Dollo. 

The treatment of the Teleostei by Dr. Boulenger represents long- 
continued studies on the part of an original and forceful worker. In 
the main, the general views and the sequence adopted coincide fairly 
with the classification current among American ichthyologists. This 
is gratifying, as tradition at the British Museum leads along the old 
Cuvierian lines. The adoption of the theory of development does 
away with the sequence which would place the perch as a typical fish 
at the head of the series. The head of the series of bony fishes must 
be the most primitive of these forms, and this, all now agree, must be 
found in the herring-salmon group, called by Cope, Isospondyli. 

From these generalized forms, we proceed to those more and more 
complex. In this, there is no longer much doubt as to the main facts, 
but there is room for great play of individual whim or taste in the 
relative sequence of the branches. As a book classification must be 
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linear, the sequence can be natural in only a very'!]slight degree at 
the best. Dr. Boulenger prefers a less minute subdivision of families 
than that adopted by Gill, Cope, and American writers generally. 
This matter is not a vital one. There is something to be said on 
either side. In a subdivision too minute the close relation of forms 
may be lost sight of. On the other hand, by attaching aberrant forms 
to the nearest family, we often destroy the naturalness of our groups. 
As the suborders of Teleostean fishes aire very unequal in value, ver^' 
much intertangled, and for the most part incapable of trenchant defi- 
nition, Dr. Boulenger has been no more and no less successful than 
others in defining them. The fault lies with Nature, who has not 
done her part in the elimination of interlocking forms. The emphasis 
laid on the characters of the Ostariophysi is a step forward, as is also 
the separation of the Symbranchii from the eels. There seems to 
be no very good reason for using the term Malacopterygii for the 
group defined as Isospondyli, as the great majority of the species 
called Malacopterygii by Cuvier belong to the Ostariophysi and 
Haplomi. The Haplomi of Boulenger is not a natural group, and 
more extended study is necessary before we can draw the line accu- 
rately between Isospondyli and Haplomi. The suborder Heteromi 
of Boulenger seems to be unduly extended. The Catosteomi (Lam- 
pris and sticklebacks) form an unnatural association, as Dr. Boulenger 
(p. 627) seems about ready to admit. It appears, however, reason- 
able to place the pipe-fishes in the same suborder with the stickle- 
backs. The Percesoces of Boulenger can hardly hold together long. 
Ammodytes is a jugular fish, the Scombresoces diverge in the direction 
of the Haplomi, while Polynemus, Chiasmodon, Stromateus, and 
Anabas, all diverge widely from the mullets and other typical Per- 
cesoces, and each in its own w^ay. As a matter of fact, the Percesoces 
at the best are no farther from the true Acanthopterygii than is Beryx 
or Gobiesox or Callionymus. Percopsis, placed by Boulenger with 
the Haplomi, is better separated from everything else, than the mem- 
bers of the Haplomi-Catosteomi-Percesoces-Acanthopterygian series 
are from each other. But this is the fault of Nature, not of the syste- 
matLsts. Aphredoderus, as Starks has shown, is not a Berycoid fish. 
The group Zeorhombi (the John Dory and the flounders), indicates 
an association not yet proved, but on the whole the allocation of fami- 
lies and genera among the perciform types is very satisfactory. '^The 
**new University" of Cambridge, to borrow the phrase from the pre- 
face to the work, is to be sincerely congratulated on this additional 
contribution to sound science and scientific method. D. S. J. 

(No. 472 UX18 issued April 16, 1906.) 
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OBSERVATIONS AND EXPERIMENTS ON DRAGON- 
FLIES IN BRACKISH WATER 

RAYMOND C. OSBURN 

When we consider the great variety and extent of adaptation 
among the insects, and especially when we recall the multitude of 
aquatic and semi-aquatic species, it seems rather remarkable that 
none of them has been able to take up marine life. Halobates, 
one of the Hemiptera, is truly oceanic, a few species of Diptera 
are known to live in sea water during their larval stage, a few 
larval forms have been found below high tide where they would 
be exposed to the sea water for a portion of the time, and a num- 
ber of adult insects, chiefly beetles, range the shore finding their 
food when the tide is out. 

In brackish water, however, many species are regularly found, 
belonging to nearly all the insect orders. It is a noteworthy fact 
that nearly all of these are more commonly found breeding in 
fresh water and are not peculiar to brackish water conditions. 

While the occurrence of dragonfly nymphs in brackish ponds 
must have been noticed many times by observing naturalists, 
references in literature are exceedingly scant. Mr. E. A. Schwartz 
("Preliminary Remarks on the Insect Fauna of the Gt. Salt Lake, 
Utah," Can. EnL, vol. 23), found nymphs living in a mixture of 
salt and sulphurous or fresh water about Gt. Salt Lake, but 
adds: "The same species were also seen at Utah Lake, which is 
fresh water"; and the eminent authority on the dragonflies. Dr. 
P. P. Calvert in his "Catalogue of the Odonataof the Vicinity of 
Philadelphia" (Trans. Amer. Ent. Soc, vol. 20, 1893) makes the 
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following statement: "No Odopate nymphs are known to live in 
salt water, but probably some coast species, such as Ischnura 
ramburii and Micrathyria berenice live in that which is brackish." 

The writer's attention was first attracted to the presence of 
dragonflies in brackish water by the discovery that many common 
Pacific Coast species were breeding abundantly in a slightly 
brackish pond near Victoria, British Columbia. No estimate of 
the salinity could be made but it was slight. Again at Wood's 
Hole, Mass., many common forms were also found living in brack- 
ish ponds of varying density. The following list of species noted 
breeding in brackish water will serve to show what a variety of 
those ordinarily breeding in fresh water may, if occasion require, 
live equally well to all appearances in slightly salt water. At 
Victoria, B. C: EnaUdgma carunculcUum, Ischnura pervarva, I. 
cerviUa, Aeschna calif omica, Sympetrum madidum, Mesothemis 
simplicicoUis var. collocata, Libellula qiuidrimactdata, and L. 
forensis. At Wood's Hole, Mass.: Lestes unguicuLaius, L. rec- 
tangvlaris, Nehaknnia Irene , Enallagma civile, Ischnura verticalis, 
Anax juniUrS, Leucorhinia intacta, Micrathyria berenice , Sympetrum 
rubicundtdum, Libellula pulchella, L. auripennis, and Plaihemis 
lydia. These records were obtained partly by identification of the 
nymphs, partly by rearing the imagos, and partly by collecting the 
young imagos just after their transformation. The Wood's Hole 
list represents only seven weeks collecting in July and August and 
in a very restricted locality so it is highly probable that the list 
represents only a few of those that may be found in brackish 
water. Of the above species, only one, Micrathyria berenice, is 
limited in its range to near the coast, and as it also breeds in fresh 
water in the same region it can hardly be said to be a typical 
brackish water species. 

In order to determine the salinity of water in which dragonflies 
may live the following experiments and tests were made at Wood's 
Hole during the summer of 1905. As the work had to be pursued 
for the most part at odd moments my observations are not as 
complete as could be wished, and yet they are full enough to be 
quite significant. My thanks are due the U. S. Bureau of Fisheries 
for the opportunity to carry on the work while connected with the 
Wood's Hole Station as temporary scientific assistant. 
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In the first place, a series of salinometer tests of the water in all 
the ponds in which dragonfly nymphs were found, was made. 
Water from four such ponds on Nonnamesset Island and from 
three on the mainland was tested and in none of them was the 
density greater than 1.0015, while the average was about 1.0008. 
These tests were made at a temperature of 72° Fahr. and as the 
figures have not been reduced the actual density would be con- 
siderably greater. It will be noted, however, that water of such 
density contains but little salt in comparison with that of sea water, 
which has an average density of 1.026. One pond examined had 
a density of 1.015 at 72°, but, though dragonflies of several species 
were seen about this pond, a careful examination revealed no 
dragonfly nymphs living in the water and it is a safe assumption 
that the adults came from less saline ponds in the vicinity. Even 
if oviposition should take place under such conditions it is highly 
probable, as will be shown by the experiments to be discussed, 
that no eggs would develop. 

Next, the experiment of placing nymphs in saline solutions of 
various densities was tried. Chiefly the nymphs of Lestes un- 
guiculatus, an Agrionid, were used. These were taken from a 
pond of the density of 1.0012. Those placed in water which was 
entirely fresh showed no ill effects from the change, and the same 
is true of those put into saline solutions of low density, up to about 
1.003. Beyond this point the larvse showed increasing signs of 
irritation. In solutions at 1.005, 1.0075, and 1.01 the nymphs at 
first wriggled and swam violently, tried to climb up the sides of the 
aquaria and otherwise gave evidence of much irritation, but they 
apparently became inured to it after a day or so and lived as well 
in these solutions as in that in which they were found. Higher 
solutions were always fatal. In sea water at 1.02 they lived only 
a few hours, and at 1.015 they showed every sign of discomfort 
and invariably died within a day or so. 

The larvae of Ischnura verticals, also an Agrionid, of Anax 
Junius, an Aeschnid, and of several Libellulids, chiefly Sympetrum 
rubicundulum, showed entirely similar results. 

Further experiments on the development of the eggs in brackish 
water yielded some interesting results tallying well with those 
made on the nymphs. Eggs of Libellula auripennis Burmeister 
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were taken just prior to oviposition on July 16, 1905. These 
were placed in solutions of various densities at 75^ F. as indicated 
in the following table with the results noted: — 



Density of water Result 

Fresh hatched July 30 

1.001 

1.002 

1.003 

1.004 

1.005 

1.0075 - 

1.010 

1 .015 Failed to hatch, partial development 

1.020 " " " no development (?) 



A glance at the above table shows that the amount of salinity 
from fresh water up to 1.010 had no effect whatever on the time 
of hatching; all hatched out together 14 days after fertilization. 
The 1.015 and 1.020 cultures were kept under exactly the same 
conditions but neither developed to the point of hatching. In the 
former considerable development took place, to the extent that the 
main structures of the larva were outlined, but in the latter no 
indications of development could be observed except some cases 
of questionable segmentation. 

No differences could be noted between the larvae hatched in 
1.010 and those hatched in weaker solutions or fresh water and 
later experiments proved them to be equally hardy. 

The young larvse were now transferred to solutions differing 
from those in which they had been hatched, in order to test their 
resistance to density changes at this period. The results tally 
remarkably with those on the older nymphs and with the hatching 
experiments. Larvse hatched in 1.010, 1.0075, and 1.005 solutions 
when placed in fresh water showed no discomfort and Hved as 
well as those hatched in the fresh water, while those hatched in 
fresh water stood the change into the above solutions without any 
noticeable effect. The attempt to run any of them into higher 
solutions, however, always resulted fatally in a short time. In 
1.015 they died in less than a day, in the 1.020 they were killed in 
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a few hours. Those hatched in the l.OlO solution had apparently 
gained no further power of resistance but succumbed as quickly 
as those from fresh water. This test was repeated after two weeks 
but with the same result, they still were overcome as readily as 
when first hatched. 

The above experiments indicate that there is in the Odonata 
a very definite barrier to their assumption of marine life, and that 
this barrier remains unchanged during the life of the individual. 
That it is the same for all species has not yet been determined, and 
it may be that forms such as Micrathyria Berenice which are limited 
in distribution to the coastline have a higher limit than those 
species which occur in the interior only. As to the nature of the 
barrier we are entirely in the dark. It may be that the eggs and 
nymphs of Odonata are able to prevent the osmosis of salt in 
solution up to a certain point, but it seems more probable that the 
metabolism is interfered with only by salt in solution above a 
certain density. Whether other groups of insects are similarly 
restricted is also unknown. 

Columbia University 
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CONTRIBUTIONS FROM THE ZOOLOGICAL LABORATORY OF 

THE MUSEUM OF COMPARATIVE Z05LOGY AT HARVARD 

COLLEGE. E. L. MARK, Director. No. 178. 

REACTIONS OF TUBULARIA CROCEA (AG.) 
A. S. PEARSE 

While the reactions of sea anemones and of jelly fishes have 
been carefully studied, comparatively little is known of those of 
hydroids. In fact, the only recent paper which deals primarily 
with this subject is one by Torrey (:04) on Corymorpha palma. 
He found that this hydroid gives well marked reactions to gravity 
and mechanical stimulation, but does not respond to chemical 
stimulation. 

The work upon which the present paper is based was under- 
taken at the suggestion of Professor G. H. Parker, and the 
experiments were carried on at the Laboratory of the United States 
Bureau of Fisheries at Wood's Hole, Mass. My thanks are due to 
the director, Dr. F. B. Sunmer, for the courtesies shown me at the 
Wood's Hole Laboratorj' and to the Museum of Comparative 
Zoology for pecuniar)' assistance granted from the Humboldt 
Fund. 

The material, consisting of colonies of Tubularia, was scraped 
from the piles of the wharf at the Fisheries Station and examine<l 
in sea water within three hours of the time of collection. The 
colonies are rather delicate and are easily rendered inactive or 
killed by unfavorable conditions. Small portions of colonies, con- 
taining from twenty-five to fifty polyps, were used in these experi- 
ments. 

The accompanying figure represents an expanded hydranth of 
Tvbidaria crocea and a short portion of the stalk upon which it is 
borne. In a resting hydranth the proximal tentacles (/a. prx,) 
are bent slightly back toward the stalk (caul.) and remain motion- 
less except for an occasional sudden movement toward the mouth 
(o*), after which they slowly return to their former position. The 
distal tentacles (ta, dst.) are more active and are usually in motion, 
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bending back and forth singly or collectively. The manubrium 
(mab.) is ordinarily motionless, but may shorten or lengthen and, 
when stimulated, is capable of bending even to such an extent that 




the mouth is brought below the bases of the proximal tentacles. 
The whole hydranth may be moved by the bending of the stalk, 
but this action is not of frequent occurrence and it is apparently 
not called forth in response to direct stimulation. 

Mechanical Stimulation 

When a proximal tentacle is touched with a needle or pinched, 
it bends toward the manubrium. The strength of the stimulus 
influences the response. If the stimulus is weak, there may be no 
reaction, but if it is strong, the whole circle of tentacles may close 
up together and press against the manubrium. If the manubrium 
or the distal tentacles are stimulated in a similar manner, the for- 
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mer bends toward the point of stimulation and a few or all of the 
distal tentacles wave about for a short time. If in this process 
they touch some object, they then close up around the mouth. 
When the stimulation is very strong, the manubrium shortens and 
both sets of tentacles close up around it. 

The hydranths will submit to considerable mechanical stimu- 
lation without reaction. For example, a stream of water forced 
from a pipette upon an expanded individual will cause no move- 
ment unless the current is rather strong. 

If a proximal tentacle is pulled vigorously, the manubrium will 
turn so that the mouth is brought toward the stimulated point and 
the distal tentacles will open out. However, as each set of ten- 
tacles may be made to react independently and without apparent 
influence on the other set, it seems probable that in this case the 
manubrium is strained and thus stimulated directly. 

The reactions described above are doubtless helpful to the animal 
in securing food, though they are not perfectly adapted to this pur- 
pose. They are not very accurately adjusted to the gathering of 
food, for the proximal tentacles will always move toward the mouth 
even when the point of stimulation is on the outer face, in which 
case they move directly away from what may be food. 

Chemical Stimulation 

When a proximal tentacle is touched with a piece of meat at any 
point, it bends toward the mouth. The meat, if it is on the inner 
face of the tentacle, is pressed against the mouth for a time and 
then the tentacle slowly returns to its former place. All the proxi- 
mal tentacles often close up in the presence of meat, but those in 
contact with it react first and remain closed after the others have 
opened out, which they usually do quickly. If meat is placed very 
. gently on the proximal tentacles, no reaction takes place and it falls 
off or remains renting upon them. Sometimes when meat is placed 
upon them, the bending reaction takes place, but this is so feeble 
that the meat does not move far enough to reach the distal tentacles 
and in such cases there is no movement of the manubrium or distal 
tentacles. When meat comes in contact with the distal tentacles, 
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however, they bend outward and the manubrium turns them to- 
ward the stimulated side. If they then touch the meat, they close 
up around the mouth. 

These reactions make it app>ear as though the procuring of food 
depended wholly upon mechanical stimulation, as Torrey has 
claimed in the case of Corymorpha; but the following experiments 
have led to a somewhat different conclusion. When a grain of 
sand is placed on one side of a hydranth, — being allowed to rest 
upon the proximal tentacles and to touch the distal ones, — and a 
piece of meat is placed in a corresponding position on the opposite 
side, the manubrium almost invariably turns toward the meat and 
the distal tentacles open out. In another experiment meat juice 
was extracted and filtered. This filtrate has a milky appearance 
and can easily be seen in water. When it is allowed to flow gently 
from the mouth of a pipette on the proximal tentacles, no reaction 
takes place, but as soon as it touches the distal tentacles they ex- 
pand and the manubrium bends toward the stimulated side. To 
prove that these reactions are not due to mechanical stimulation 
produced by particles of solid matter or by currents, the same ex- 
periment was tried using powdered carmine in sea water instead of 
meat juice. 

In 15^ of the trials (685) with carmine water the mouth was 
turned toward the stimulated side and the distal tentacles opened 
out, but when the meat filtrate was used upon the same individuals 
the turning and opening-out reactions took place in 82/*r/ of the 
trials (717). 

A third experiment points in the same direction. If the distal 
tentacles of an active hydranth are touched several times with a 
needle, they close tightly over the mouth. If, after a moment, 
they are touched again with the needle, they remain closed for 
some time; but if as a second stimulation they are touched in the 
same manner with a piece of meat instead of a needle, they at once 
open out and wave about. 

From the above experiments it is reasonable to conclude that 
the distal tentacles, and perhaps the manubrium, are sensitive to 
a substance or substances contained in meat juice, while the 
proximal tentacles are not. 

The effect of other chemical substances was tested without ob- 
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taining particularly significant results. When treated with dilute 
onion juice, quinine solution, or acetic acid, the hydranths closed 
up for a time, and if the solution was strong enough, they were 
killed. These substances, unlike meat, produce the same reac- 
tions as does strong mechanical stimulation. 

Filter paper soaked in meat juice, onion juice, clove oil, or oil of 
bergamot and held near the hydranth caused no reaction of any 
part, the animal being apparently insensitive to the resulting very 
dilute solutions. * 

Thermal Stimulation 

Colonies of Tubularia were placed in glass dishes and the effect 
of a rise or fall in temperature noted. When the temperature of 
the water was raised above 25° C. most of the animals were inactive, 
though two individuals turned the proboscis and opened out the 
distal tentacles when, at 27.5° C, they were touched with meat. 
No animal, after having been heated to 26° C. and then cooled again 
to normal^ temperature, survived and reacted normally. When 
the water was cooled to about 10° C. most individuals became 
inactive to meat, though a few reacted to this form of stimulation 
even at 0° C. Probably the colonies survive any temperature down 
to near freezing, as individuals which had been for half an hour 
in water which was frozen (-2.2° C.) at the bottom of the dish 
and had a temperature of 1.5° C. at the top, gave the usual reac- 
tions thirteen hours later at a normal temperature. In no case 
did animals survive actual freezing in the ice. In extreme changes 
of temperature, the proximal tentacles cease to react before the 
distal ones, and this is what might be expected from the relative 
sensitiveness of the latter. 

Local thermal stimulation was attempted with a bent capillary 
heated tube, or cooled by a current of water such as Mast (:03) 
used in his experiments on Hydra. The tube was held near the 
hydranth but not allowed to touch it. A cold tube (ice water) 
caused no perceptible effect on any part of the hydranth, but a hot 

* The average temperature (readings at 8.00 a. m. and 5.00 p. m.) at 
Wood's Hole during the first ten days in August, 1905, was 19.8° C. 
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tube caused a restless indetenninate movement of the distal ten* 
tacles. 

Photic Stimulation 

No extensive experiments with light were attempted. Colonies 
were placed in the dark and then suddenly illuminated by a 16 c. p. 
electric light, or a shadow was cast over them after they had been 
illuminated for some time, but no observable reactions occurred in 
either case. It was also noted that the colonies grew just as abun- 
dantly on the sides of the piles most exposed to light as on those 
least exposed. 

Summary 

1. The proximal tentacles of Tubidaria crocea react to mechan- 
ical stimulation by bending toward the manubrium. 

2. The distal tentacles react to mechanical and chemical stimu- 
lation by bending toward or away from the mouth, and this action 
may be accompanied by a bending of the manubrium toward the 
stimulated side. 

3. Apparently no part of the hydranth is sensitive to very dilute 
solutions of meat juice, onion juice, and oil of cloves or bergamot 
(so called "odorous" substances). 

4. The minimum temperature at which reactions occur is O*' C. 
and the maximum about 26*^ C. 

5. Sudden change from strong light to shadow or from dark- 
ness to strong light has no apparent effect upon the animals. 
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PRESSURE AND FLOW OF SAP IN THE MAPLE ^ 

K. M. WIEGAND 

It is with some hesitation that a contribution is here attempted 
to the already voluminous literature regarding the ascent, flow, 
and pressure of sap in trees. Work on the maple has reached 
such a point, however, that it seems desirable to review critically 
our present knowledge to see which, if any, of our various theories 
are tenable, in how far, and why. 

General Account of Conditions Accompanying Flow 

In recent years the phenomenon of bleeding in plant tissue has 
come to be recognized as a very general one.^ It has been foimd 
to occur in tissues widely different in nature, and under widely 
different conditions. Perhaps the bleeding of the root, accom- 
panied by root-pressure, is the best known example of this phe- 
nomenon. The bleeding of trees in the spring attracted the 
attention of the early investigators, and has been the subject of 
considerable wonder and mystery ever since. Although it is a 
common phenomenon, we know comparatively little about the 
cause. 

In late winter and early spring, if the maple is "tapped," that 
is, bored with an auger, sap wiH flow from the wound in consider- 
able quantity, the flow being dependent very largely upon the 
temperature. Some other trees that bleed in the same way as the 
maple, though usually not to so great an extent, are Juglans 
cinerea, Cladrastis, Nyssa, and sometimes Prunus serotina. Later 
in the spring, just before vernation, the birch and grape bleed 
profusely, and, to a lesser extent, also Ostrya, Hicoria, Alnus, 
Malus, Crataegus, Salix, Ulmus, and perhaps a few other trees. 

Investigation of these various trees has shown that they fall 

* Contributions from the Department of Botany of Cornell University, No. 
109. 
* Wieler, A. "Das Bluten der Pflanzen." Cohn's Beitrage, vol. 6, p. 1, 1892. 
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into two very definite groups as regards the bleeding phenomena, 
with a different source, and perhaps different cause, for the bleeding 
in the two cases. Those which, like the maple, bleed early in the 
spring and are dependent upon temperature, constitute one class, 
while the late-bleeding ones, like birch and grape, which are not 
intimately dependent upon the temperature, constitute a class by 
themselves. This paper is concerned entirely with the first of 
these two groups, and only a few words will be said about the other 
group at the close, as a matter of comparison. 

Branches cut from certain trees at a low temperature and brought 
into the warm laboratory often show bleeding from the cut sur- 
face. Clark tested sugar maple, white birch, elm, hickory, button- 
wood, chestnut, and willow in this respect. The maple soon began 
to bleed at the rate of 24 drops per minute, while the buttonwood 
bled 11 drops, and the hickory exuded a little very sweet sap, 
precisely as in spring. The birch, chestnut, elm, and willow did 
not flow at all, and were not even moist on the cut surface. I 
have often repeated this experiment with maple branches. By 
passing the branch between the flues of a radiator a very vigorous 
•exudation can frequently be obtained. The trees that bleed in 
this way are usually those in which the vessels are comparatively 
saturated with sap. According to Clark, a mercurial gauge at- 
tached to the end of a frozen branch of sugar maple indicated 
pressure and suction when the temperature was raised and lowered 
precisely as it would have done upon a maple tree during the 
ordinary alternations of day and night in the spring of the year 
when the sap is flowing. 

Late Winter Flow in Maple and Other Trees 

Considering its importance from an economic standpoint, the 
subject of maple-sap flow has received comparatively little atten- 
tion. In 1874 and 1875 Clark* published the results of several 
years of detailed work upon the maple. These twp papers really 

* Clark, W. S. The Circulation of Sap in Plants (A lecture before the Mass. 
State Board of Agrie. at Fitchburg Dec. 2, 1873). Boston, 1874. 

Clark, \V. S. "Observations on the Phenomena of Plant Life." 22d Ann. 
Rep. Mass. State Board of Agric., Boston, 1875. 
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laid the foundation for our scientific knowledge of the bleedmg 
in these trees. Not until 1903, after 28 years, did the next im- 
portant contribution to the problem appear. This was the bulletin 
from the Vermont Experiment Station,* and here in one hundred 
and forty-one pages, are extensive records of experiments and 
observations of the most painstaking sort, representing the work 
of several men during a number of sugar seasons. It is the latest 
and most important contribution yet made to our knowledge of 
the subject. The last thirty pages of this bulletin are devoted 
exclusively to tables recording the results of typical experiments 
and determinations along the various lines of research. 

In the succeeding pages I shall first attempt to present in con- 
densed form the main facts connected with maple-sap flow as 
determined by these investigators and then turn to a consideration 
of the various theories in detail. In this review my own observa- 
tions are added only when they are at variance with the others. 

Both Clark and the Vermont workers foimd slight suction ob- 
taining in the maple tree all through the growing season. This 
negative pressure, averaging 2.25 kg. per sq. in. fluctuated some- 
what during the season, and to a sUghter extent it also showed a 
daily periodicity. The latter, however, was not marked. Suction 
continued in most cases throughout midwinter until February or 
March. Under certain weather conditions, however, the suction 
frequently lessened until the zero point was reached and positive 
pressure resulted. During most of the time imtil March the 
tension of any sort was almost nil. Then the great oscillations 
which are characteristic of the sugar season, and which are closely 
related to the phenomena of sap flow, set in to continue until the 
buds began to swell. After the buds swelled, the pressure quickly 
disappeared. Sugar has been made from the maple, according 
to Clark, in all the winter and spring months from October to May, 
but, except in the spring, always in small quantities. The flow 
is said to be better in October and November than later, and rarely 
occurs in December, January, and early February except on very 
warm days. During the warm December of 1905 on several 

» Jones, C. H., Edson, A. W., Morse, W. J. "The Maple Sap Flow." Ver- 
tnont Agric. Exp. Sta., bull. 103, Dec. 1903. 



Digitized by 



Google 



412 THE AMERICAN NATURALIST [Vol. XL 

bright mornings following cold nights, sap flowed in considerable 
quantity from the stubs where branches had been pruned from 
maple shade trees on the Cornell campus. In the daily papers 
were reports of sugar having been made during that same month. 

The best sap days are those in which a bright sunny morning 
with rising temperature follows a frosty night. The flow is greatest 
early in the morning, decreases gradually as the day advances, 
and ceases altogether during cold nights. It is not a daily perio- 
dicity, however, since on many days no sap flows, while again the 
flow may continue all night. It seems necessary that the rising 
temperature should cross the 0° C. line in order that there should 
be a good "run" of sap. If the temperature remains for several 
days above this point or for several days below it, the flow will 
rapidly diminish, and in from 24 to 36 hours cease altogether. The 
trees will then "dry up" and have to be retapped, even though the 
temperature fluctuates considerably. Hence comes the popular 
belief that the roots must freeze at night in order to obtain a good 
"run" the following day. Depending upon the weather, there- 
fore, the sap flow is usually broken up into periods known as 
"runs." The swelling of the leaf-buds marks the end of the flow, 
or "season." If the day be too bright after the frosty night, the 
flow is apt to start briskly and soon lessen or cease, or if the wind 
be high the flow is soon checked. If the sky be overcast and the 
air has warmed slightly, a satisfactory run is likely to ensue. 
Alternate freezing and thawing, — moderately warm days preceded 
by freezing nights, — are the ideal meteorological conditions which 
promote the flow. Other things being equal, the flow is usually 
greater on southern exposures, since there the temperature ex- 
tremes are greater. 

A manometer attached to a bleeding maple tree shows that a 
considerable pressure exists within the tissues of the wood. It is 
this pressure which causes the outflow of sap, and which is the 
primary phenomenon to be considered. During the best sap days 
the pressure may rise as high as 6.5 to 10kg. per sq. in., but is usually 
less. The pressure is highest on warm sunny mornings after a 
frosty night, and rises very rapidly after the first sunlight strikes 
the tree, so that on ordinary bright sap days it has reached its 
maximum at nine or ten o'clock. After that it gradually decreases 
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toward nightfall. The time of highest pressure does not there- 
fore coincide with that of highest temperature, but often precedes 
the latter by several hours. The maximum pressure on a good 
day usually occurs about one and one half hours after commencing 
in the early morning. If the following night is also cold, then all 
through the night a moderate suction will obtain again, to be 
followed by a similar abrupt rise the following morning. In one 
case, Clark read on the manometer at 6 a. m. a suction suflBcient 
to raise a column of water 7.89 meters high, while as soon as the 
sun shone upon the tree the mercury suddenly began to rise so 
that at 8.15 a. m. the pressure outward was enough to sustain a 
column of water 5.63 meters in height, a change represented by 
more than 13.5 meters of water. On another morning the change 
was still greater representing 14.45 meters of water. If the 
night remains warm preceding a thaw, the fall of pressure will 
be much less rapid, and a moderate pressure may continue all 
through the night gradually vanishing during the following day. 
After several days of thaw, suction may obtain most, if not all of 
the time. If the temperature remains below freezing, suction 
may exist for several days until the weather warms. There is 
much to indicate that the normal condition in the maple at this 
period is one of suction. 

A rise of only a few degrees will often cause very great pressure 
if the rise passes the zero point Centigrade. On the other hand 
there may be considerable fluctuation in temperature without 
great fluctuation in tension. This happens when the temperature 
does not cross the zero line. The pressure fluctuations are greatest 
early in the season. During the day, pressure forces into the 
tap-hole all the sap located in the adjacent tissue. The suction 
which ensues on freezing nights possibly draws more sap into 
these tissues, and this in turn is forced out when the tree warms 
up again. The entrance of air is hindered by the impermeability 
of the membranes. 

It was found in Vermont that trees so placed that the morning 
sun shone on the top first, showed pressure there before in the 
lower trunk. On a certain day when there were alternate periods 
of bright sun and clouds, the gauges fluctuated very markedly. 
Two pressure gauges were placed at a distance of twenty feet 
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(6 meters) from each other on an eighteen-meter tree, one being' 
near the ground. As a general rule the lower gauge responded 
first, held its pressure longest, and fluctuated more. It showed 
more pressure during the day and more suction at night. The 
higher up the gauge, other things being equal, the less the pres- 
sure. Sap conditions began first in the twigs and external layers 
of the wood, gradually passed to the deeper tissues and lower 
parts, ceasing again in the same order. Clark, on the other 
hand, laid emphasis on the fact that the greatest suction as well 
as the greatest pressure was exhibited by the gauge at the top of 
the tree, but his tables show that this was very unusual. In 
general, his upper gauge registered much below the lower and 
fluctuated no more than did the latter. In one case Clark found 
that on the 19th of April the upper gauge showed little or no 
pressure while the lower one still indicated a pressure of about 
seven kilograms. In good seasons and good sap-spells the pressure 
directed downward in the trunk exceeds that directed upward. 
Later in the season the reverse may be true. Both pressure and 
suction are greater in the outer than in the inner tissues until late 
in the season. The outer tissues respond more quickly to tem- 
perature changes, and the pressure changes here precede those in 
the inner wood (hole 13 cm. deep in a tree 60 cm. in diameter) by 
about one hour. One depth might show pressure or suction while 
the other showed the reverse. 

Pressure is not readily transmitted radially, in fact the trans- 
mission in this direction is very slight indeed. The lateral trans- 
mission of pressure is also very slight, not much more than three 
millimeters, but diagonally it is transmitted quite readily. Two 
years' trial in Vermont showed that a 4.5 kg. pressure under some 
conditions is transmitted through 244 cm. of distance. Smaller 
pressures are not transmitted so far. It seems probable that the 
pressure traverses the tissue entirely by means of the tracheae. If 
two tap-holes are made, one in a vertical line above the other, 
and either one is opened, the fall of pressure in the other is abrupt 
at first but after a short time ceases, and is. proportional to the 
distance between the holes. The remaining pressure represents 
the resistance of the intervening tissue to the transmission of 
pressure. In one case a hole bored 122 cm. above a gauge in- 
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dicating 6.8 kg. pressure caused a drop 6f 3.2 kg. before a stop- 
cock could be inserted. 

The sap flow varies in quantity with the pressure, so that a 
separate discussion of its characteristics is scarcely necessary. Some 
points, however, may be noted. On good sap days the quantity 
is often great, being as much sometimes as 12 liters in 10 hours. In 
some exceptional cases a flow of 20 Uters per day has been re- 
corded. Usually the flow is much less, 10 to 12 liters a day being 
an average flow for a moderately good sap day. According to 
the Vermont BvUetin it seems probable that a high registered 
pressure is not absolutely necessary to a good flow of sap, but 
that less pressure with longer duration will give equally good 
results. The rate of flow seems to depend also upon the amount 
of sap present in the wood around the tap-hole as well as upon 
the pressure behind it. 

In general the flow is greatest near the ground. Clark inserted 
a spout at the usual height into a healthy maple which had never 
been tapped, and fifteen meters above this another spout was set 
into the trunk where it was 13 cm. in diameter. In addition, a 
hmb 10.6 meters from the ground was also cut off where, it was 
2.5 cm. in diameter. In several hours the lower spout had bled 
2.7 kg. of sap, the Hmb 56.7 gm., and the upper spout not a drop. 
Similar experiments with other trees gave like results. Both 
Clark and the Vermont workers found the down flow, as well as 
the down pressure, greater especially at the ordinary height of 
tapping. At both places, too, it was found that if an incision is 
made into a tree the sap will flow from the upper side of the cut 
and not from the lower unless late in the season. In late spring 
the flow is usually from both surfaces. In other words the flow 
is down from above in the maple, not up from the roots. Clark 
found that a severed tree would bleed profusely from the cut 
surface while the stump remained nearly dry. In Vermont it was 
found that in many cases severed twigs that started to bleed very 
early in the season frequently ceased before the flow from the tap- 
hole diminished very much. Lithium chloride inserted in the 
tap-hole showed that at times, at least, sap under pressure 
moves in the vicinity of the outlet hole at the rate of from 5 to 
15 cm. per minute. 
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Clark found that pressure from the root during the sugar season 
was never more than very slight. Usually there was suction in the 
root throughout this period. At the Vermont Station the results 
were similar, the suction in one case being as much as 2.7 kg. 
There was a very slight fluctuation, however, between day and 
night as in nearly all roots. In no case was there a flow of sap 
from the root until late in April at the time when other trees bleed 
from the root. The root therefore as a source of bleeding in the 
maple is out of the question. 

The sap of the maple is composed mainly of water with a few 
substances in solution. Of these, cane sugar is the most important, 
being present in from 1 to 5 ^ concentration. At first the sap is 
a water-clear, slightly sweet fluid, but as the season progresses 
the flow tends to lessen and the sap is apt to thicken and become 
cloudy or even somewhat slimy at times. Besides sugar there are 
usually small quantities of proteids, of mineral matter, more 
especially of lime and potash, and of acids mainly malic. Traces 
of reducing sugars are sometimes found, usually toward the last 
of the season. The sap from a tap-hole at ordinary height is 
considerably richer in sugar than the sap from the root, and also 
richer than that from taps higher up in the tree. The percent of 
sugar is also greater in sap from near the surface of a tree trunk 
than from deeper in the wood. There is some reason to believe 
that the actual distribution of stored material during the winter 
(starch and sugar) follows these conditions closely with less stored 
starch in the root than above ground, and less in the top than in 
the trunk, but accurate determinations have not been made. In 
Vermont it was found that at the beginning of the season sixty 
percent of the sugar came down from above. At the close of the 
season only about 39^ came from the same source. There 
seemed to be a slight diurnal fluctuation in the percent of sugar, 
it being slightly greater toward nightfall. 

The water content of the wood during the bleeding season 
varies from 30 'jk to 55^. After the leaves come out it falls to 
from 19 to 30 ^. The Vermont workers found the relative amount 
for root, trunk, branch, and twig to be 29, 30, 34, and 37 respec- 
tively, but variations were so wide that the value of the series of 
averages is open to question. 
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The gas content of maple wood was found by the Vermont 
workers to be about 24^ of the volume of the wood. This gas 
consists largely of oxygen, carbon dioxide, and nitrogen, which 
are either produced by metabolism or have passed in from the air. 

During the late winter of 1904 I made a number of observations 
concerning the disposition of the gas in the wood of a number 
of trees, and the results may here be added. Sections were made 
with a razor either under water or under oil, and mounted in the 
medium in which cut. Looking quickly through the microscope 
before changes could occur, the disposition of the bubbles of gas 
could be quite readily ascertained. It was found that in the maples 
the vessels contained relatively little gas, sometimes appearing 
saturated with sap, while the wood fibers usually contained a large 
quantity of gas. In some cases the latter were nearly filled with 
gas, in others only a part of them filled, and in a few specimens 
of sugar maple I could find no gas in any part of the section. 
Nyssa and Cladrastis showed little gas in the vessels during the 
bleeding season, and Uttle in the fibers. Juglans showed little in 
the very large vessels while the fibers seemed always to be filled 
with gas. The other trees examined showed more gas than sap 
in the vessels. 

The following table gives the results in detail: — 

a. Sectioned under water j and under oil 

A cer pseudoplatanus. Considerable gas in vessels especially near cortex ; 
gas in wood fibers. 

Acer saccharum. No gas in inner vessels, possibly a bubble in outer; 
gas in fibers. Bled in room. 

Acer saccharinum. No gas could be found in vessels of this specimen; 
gas in fibers. Branch bled in room. 

Acer platanoides. No gas found in vessels of this specimen; plenty in 
fibers. 

Acer tartaricum. Gas in vessels near bark, elsewhere none found; gas 
In fibers. Branch became damp in room and bled a few drops if heated 
on radiator. 

.4 cer insigne. Rarely a bubble in vessels; gas in fibers. Branch bled 
a little in room, more on radiator. 

Acer campestre. Considerable gas in vessels; gas in fibers. Became 
damp only on radiator. 
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Juglans cinerea. Little gas in vessels, but fibers filled with gas. 
Branches bled on radiator. 

Nyssa sylvatica. Wood quite highly saturated; little gas in either 
vessels or fibers. Bled on radiator. 

Cladrastis lutea. Same as Nyssa. Bled on radiator. 

6. Sectioned under oil 

Scdix fragilis. Large quantity of gas in vessels and fibers. Not even 
damp on radiator. 

CatcUpa spedosa. Same as Salix. 

Populus dilatata. Vessels almost full of gas. Not damp on radiator. 

Ulmus americana. Same as Salix. . 

Fraxinus americana. Full of gas; could blow through a piece several 
centimeters long. Not damp on radiator. 

Vitis vulpina. Full of gas. Could blow through. Not damp on 
radiator. 

Prunus virginiana. Large quantity of gas in vessels. Not damp on 
radiator. 

Quercus cdba. Much gas. Could blow through. Did not become 
moist. 

Regarding tree temperatures, it was found that in holes 8 cm- 
deep they fluctuated less than air temperatures. According to 
the Vermont Bulletin slight variations in outside temperature 
caused little or no variation within the tree, which on many days 
did not show a range of 2° C. Considerable variation in external 
temperature, however, was followed in due time by corresponding, 
though less marked, internal fluctuation. Temperatures of -3° C. 
and -2.5° C. were the lowest recorded during the sugar season. 
Thermometers placed in 2.5 cm. deep holes on the north and south 
side of a tree showed during the winter a lower registration on 
the north side at all times except one day when the south wind was 
blowing. 

The Gas-expansion Theory 

About twentj'-five percent of the volume of a maple tree is 
occupied by gas during the sugar season (Vermont Bull.), The 
presence of so much gas in the wood, together with its ease of 
detection and its known expansive qualities, early led the attention 
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of physiologists to this substance as a source of pressure, and until 
recently it has seemed to many a very probable explanation. 

In 1767, Du Hamel * and Dalibard noticed that saturated wood 
became lighter when heated in hot water because of the loss of a 
portion of the contained fluid, and regained nearly its original 
weight when cooled, because of reabsorption. This was true 
except when the water in the wood froze, in which case the wood 
became again lighter in proportion to the frost. 

Hartig,' in 1853, experimented with normal Uving wood using 
shoots of poplar, birch, etc. He found that, if these were taken 
before sap flow had normally begim and warmed over a lamp or 
in the hand, a small amount of sap would appear on the lower 
surface. If the temperature was near that at which sap flow 
normally appeared and the twig was normal, the excretion would 
occur to a slight extent simply by the apphcation of the finger ta 
the bark. 

In 1860 appeared the exhaustive paper of Sachs ' who was the 
first to put the gas-expansion theory on a firm scientific basis. A 
cylindrical stick of Rhamnus frangvla 20 cm. long and 1.5 cm. 
thick, after having lain for 4 weeks in water of from 4° to 8° R. 
was treated and weighed as follows: — 

6 hrs. in water at 20° R. weighed 51.4 gms. Water inside 28.6 
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Although, as seen from weights No. 2 and No. 7 which are at 
nearly the same temperature, there was a progressive increase in 

* Du Hamel. Du transport, de la conservation et dela force des hois. Paris, 
1767. 

* Hartig, Th. " Ueber die endosmotischen Eigenschaften der Pflanzen- 
haute." Bat. Zeit., vol. 11, p. 313, 1853. 

'Sachs, J. "Quellungserscheinungen an HOlzem." Bat. Zeit., vol. 18,. 
p. 253, 1860. 
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weight independent of the experiment, still the abrupt change 
between Nos. 1 and 2, 2 and 3, 5 and 6, 8 and 9 shows very well the 
increase in weight when cooled and a corresponding decrease when 
warmed. 

Similar results were obtained whether or not the wood was com- 
pletely saturated, although all of Sach's experiments seem to have 
been with material rather near the point of saturation. 

In the above experiment the weight of the twig dry was 22.8 
gms. which subtracted each time gave the figures in the last*column 
as the amount of water in the twig at each weighing. It will be 
seen that between 4° and 30° there was a loss of 1.6 gms. of water 
from the 31.4 gms., which would equal a loss of 5.09 gms. for 
«ach 100 gms. of water. Pure water, however, will expand only 
1 gm. for every 100 gms. between the above temperatures.* Con- 
sequently water expansion alone will account for only about one 
fifth of the water excretion. Similar results were obtained for 
several other woods, including Coryliis avellana, Abies excelsa, 
birch, beech, and oak, except that in the beech and some others 
the excretion was as much as seven times greater than the com- 
puted water expansion or even more. In many cases bubbles of 
air were extruded on warming, and none of the pieces of wood 
were saturated. Therefore Sachs concluded that the increased 
excretion of water must have been due to the expansion of gas, 
and this without doubt is the only true explanation of the pheno- 
mena with which he was dealing. 

After recording this and several other similar experiments, 
Sachs felt warranted in saying that, if a rooted maple tree at a 
temperature of 0° R. in all its parts, is cut in two in the middle 
and the lower part with the roots is warmed, water will flow from 
the cut surface of the stump; and likewise, if the upper part with 
the branches is warmed, sap will flow from the other cut surface. 
If, on the other hand, the tree is not cut, then a pressure will 
arise in the trunk, which, if an incision is made, will result in a 
flow of sap out from both sides of the wound at the same time. 
Sachs considered that many phenomena were readily explicable 
by the assumption of water and air expansion in the wood. 

^ As given in Johnson's Encyclopcdxa, I find the expansion of water would 
be only 0,425 gms. for each 100 gms. between 4° and 30°; therefore less than 
the amount stated here by Sachs. 
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Sachs says: "If we assume that a stem and root has reached an 
•even temperature between 0® and 4° R, and then suddenly a marked 
warming of the air occurs, at first only the crown and the stem are 
warmed, the thinnest twigs first of all; a part of their water is 
forced back into the thicker twigs, these in turn are warmed and a 
portion of their water is forced back into the cold trunk, which 
is warmed most slowly. Even this at length becomes warm and 
soon water is forced into the root. If now after the roots had 
become warm the trunk and top were to become cold through a 
sudden fall of temperature in the air, then a flow would occur 
from the roots toward the stem and from the stem toward the 
branches and so on." He was not sure whether this was the sole 
factor in the sap flow of the maple, birch, etc., in winter.* 

But is the gas-expansion theory really capable of accounting 
for the pressure observed in the maple tree during the sugar 
season? In the Vermont report, a pressure of 24 lbs. (10.8 kg.) 
per sq. inch was given in one instance, while pressures of 10 to 15 
lbs. (4.5 to 6.8 kg.) were frequent. The change in external tem- 
perature was in these cases about 5° to 8° C, which would mean 
a change of perhaps 3° to 4° within the tree; or, if the sun shone 
directly upon the tree, perhaps there would be a rise of from 5° 
to 10°, especially in the outer wood and twigs. Gas pressure in- 
creases at the rate of ji, for each degree of rise in temperature. 
A 6.8 kg. pressure (atmospheric pressure per sq. inch) would 
therefore equal 6.8 -^ kg. with a rise of one degree. A rise of 
from 5 to 10 degrees, as here supposed, would increase the pres- 
sure only from -^ kg. to ^ kg., a very small amount com- 
pared with the 4.5 to 9 kg. pressure actually obtained. The 
Vermont people are justified, therefore, in asserting that gas 
expansion cannot possibly account for the pressure obser\ed in the 
sugar maple. 

* For concise statement see his Vorlesungen iiber Pflanzenphysiologie, p. 
245 (ed. 2). Sachs failed to distinguish between maple and birch in regard 
to the nature of flow. It may be also of interest to note that Sachs' conclu- 
sions were at once sustained by Hofmeister who also brought out additional 
evidence to their support (Hofmeister, W., "Ueber Spannung, Ausflussmenge, 
und Ausflussgeschwindigkeit von Soften lebender Pflanzer," Flora, vol. 45, 
p. 97, 1862). 



Digitized by 



Google 



422 THE AMERICAN NATURALIST [Vol. XL 

Is the gas-expansion theory capable of accounting for the prux 
from the maple ? A sap flow as high as 20 liters a day has been 
recorded in some instances, but under ordinary conditions the flow 
rarely exceeds 10 hters. If we take a tree 5 dm. in diameter and 
20 meters high, and assume that the branches if pressed together 
in an erect position would approximately complete a cylinder 
with- a diameter of the lower tnmk and a height of the tree, we find 
that the volume of the tree would be approximately 3.927 cu. m. 
As given by the Vermont Btdletin, about 25^ of this volume is 
gas or about 981,745 cc. This would expand for every degree 
3596.1 cc. For a rise of from 5 to 10 degrees the expansion would 
be from 17,980.5 cc. to 35,961.0 cc. If we were justified in assum- 
ing the transmission of pressure without friction from all parts 
of the tree then this gas expansion would easily cover the ordinary 
10,000 cc. flow, and even the maximum of 20,000 cc. But we 
are not justified in such an assumption. Resistance within the 
tree is great, and pressure, according to the Vermont studies, is 
not transmitted more than eight feet either way from the tap-hole. 
Therefore in such a section of the above trimk 16 ft. long (487.5 cm.) 
and hence containing 239,300 cc. of gas, a rise of one degree would 
cause an expansion of 876.5 cc. or 8765 cc» for 10 degrees. This 
would barely account for the ordinary flow of 10,000 cc. It is 
not true, however, that the whole of the water, even in such a 
section of the trunk, is in frictionless connection with the tap-hole. 
Water travels with great difficulty transversely from one annual 
ring to another-, so that the outer layers only would probably fur- 
nish the main quantity of the sap. In such case the gas expansion 
of these layers would probably be only from ^ to ^ of the whole 
amount for the above section of trunk, and would scarcely account 
for even the smaller daily flows. 

Moreover, the gas, as shown above, is at this season mostly, 
if not entirely, confined in the wood fibers. Gases diffuse through 
moistened cell walls only with difliculty so that a heavy pressure 
and considerable time would be required before the diffusion could 
be of much magnitude. In answer to this objection it might be 
claimed that if the wood fiber, instead of containing air alone, 
were partly filled with water, as is frequently true, then the ex- 
pansion of the gas might press the liquid out with much greater 
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ease than it could pass out itself. However, the resistance in, any 
case would be so great that to conceive of even a fourth of the total 
expansion being transmitted to the single small tap-hole is very 
difficult. Then, too, if the fibers are nearly filled with gas as 
seems true in many cases, early in the season at least, the expansion 
-could be but slight before the limits of the cell cavity would be 
reached. As there would be no more sap to be forced from the 
cell and as the passage of the gas is diflBcult, the pressure at the 
tap-hole would necessarily cease altogether. 

The gas-expansion theory cannot accoimt for the pressures 
obtained, and can account for the volume of flow only by assuming 
very improbable conditions. It seems to be really out of the 
<^uestion. Sachs* interpretations were doubtless correct for the 
phenomena investigated, but the conditions in the maple tree are 
not of the same nature as those in the blocks of wood used in his 
experiments. 

The Water-expansion Theory 

One of the earliest as well as one of the most general of the 
beliefs regarding the cause of pressure in maple has referred it to 
the expansion of the sap itself as the temperature rose on a good 
sap morning. In presenting the facts favorable to such an inter- 
pretation it is important to note first that in maple during the 
flowing season the vessels are practically full of sap, while the 
gas is mostly localized in the wood fibers. It seems fair to sup- 
pose that the water can be forced from the vessels into the wood 
fibers only with some difliculty. Sachs showed that considerable 
pressure was required to force water through wood in a radial 
direction, and the Vermont experiments show that little pressure 
is transmitted laterally. Therefore if the temperature rises quickly 
in the morning the expanding water may be prevented from flowing 
at once into the fibers. Now if water is held under confinement 
free or nearly so from air bubbles, as is here the case, very slight 
expansion could cause a pressure of very great intensity for a short 
time. When later the water had penetrated the wood fibers, this 
pressure would rapidly fall just as it actually does fall in the maple 
tree. The maximum pressure in the maple occurs one hour or one 
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and one half hours after pressure begins in the morning. From this 
time on pressure falls gradually to the zero point. The highest 
pressure occurs, therefore, several hours before the time of maxi- 
mum air temperature for the day, and the maximum temperature 
within the tree would be still later. Still the most abrupt rise is 
no doubt early in the morning when the sunlight first falls upon 
the tree, while the subsequent daily rise must be much more 
gradual. It might, therefore, be inferred that later in the day the 
percolation of sap into the fibers is suflSciently rapid to offset the 
expansion after the first abrupt rise. 

When the temperature again falls below the freezing point, 
water would be drawn back into the vessels from the fibers and 
from more distant parts of the tree whither it had been forced. 
In many cases, as seen in the Vermont BvUetin, suction is greatest 
at first, but gradually decreases if the cold persists for some time. 
Suction during cold nights might be due either to the presence of 
a normal two or three pound suction in the tree at this season, or 
to the diflBculty which the fluid that had passed into the wood 
fiber encountered in going back through the walls. When the 
temperature remains high, for a long time little pressure occurs 
though the fluctuations in temperature may be great. Only a 
previously low temperature insures a good run when the mercury 
again rises, and it is better if the cold endures for several days. 
A cause of this might be that at the high temperature, air creeps 
into the vessels from the expanded gas in the various tissues so 
that fluctuations are no longer transmitted. During the con- 
tinued cold the air would pass back to the older cells thus leaving 
once more a solid column of water. 

The objection that the sap occupies its least volume at 4 degrees 
and therefore at a temperature above that at which pressure begins, 
is invalid because only pure water behaves thus. With concentra- 
tion of solution this density point falls much more rapidly than the 
freezing point, becomes less marked, and soon becomes identical 
with the freezing point so that with comparatively slight con- 
centration it would either have disappeared entirely or at least have 
fallen to 0° C. when it could no longer be used as an objection. 

It is possible, therefore, to explain the extreme pressure and 
many fluctuations peculiar to the maple by this theory, but it has 
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one very weak point. This is the assumed high impermeability of 
the fiber walls. Although it is probably impossible to force water 
through many such walls with the pressure observed, still we are 
scarcely justified in assuming that one or two walls only separating 
the vessels from the adjacent fibers would be so highly impermeable. 
This seems improbable. 

To determine whether this theory will account for the volume 
of flow a few computations must be made. In the Vermont 
Bulletin the trunk of a certain tree was computed to contain 1220.5 
lbs. (553,609.6 cc.) of water (p. 62). The coeflScient of expansion 
of water between 4° and 8° C. is 0.000,118 for the whole 4 degrees, 
which would give an increase in volume of 65.3 cc. for the whole 
amount. A rise from 8° to 15° C. with a coefficient of 0.000,729 
would give an additional 403.5 cc. Since tree temperatures vary 
only a few degrees the expansion in any case would be only a very 
small fraction of the whole flow. For a tree 20 meters high and 
5 dm. in diameter, the volume would be 3.927 cu. m., provided 
that the branches if pressed together would approximately fill out 
the trunk cylinder to the total height of the tree. If a cubic foot 
of dry maple wood weighs 43.08 lbs. the dry tree would weigh 
2,709,895 gms., 45^ of the tree is water, and 55J?fc is wood; there- 
fore, the weight of the water would be 2,217,332 gms. The ex- 
pansion from 4° to 8° C. would be 261.7 cc. If it were possible 
to believe that the water of the whole tree could flow to the tap- 
hole without resistance, the flow would be still only one fourth 
to one half of the actual daily flow. Since, however, it has been 
shown that pressure is transmitted only about eight feet each way 
from the tap-hole, the volume of water which expansion might 
cause to flow to the tap-hole would be only a fraction of the whole. 
If water passes into the wood fibers to any extent the flow due 
to expansion would be still less, only about -^ to ^ ot the whole 
flow. 

The wood of the majority of trees is structurally so constituted 
as to render the passage of water difficult radially from one annual 
ring to another, while at the same time there may be fairly good 
communication laterally owing to the bordered pits (in the Coni- 
ferse) and the anastomosis of vessels in the broad-leaf trees. It is 
very probable, therefore, that not the whole 16-foot (4.8 meters) 
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secticm of the trunk would be tributary to the tap-hole, but only 
the few outer layers. If this be true, the flow to be expected from 
this source would be an extremely small fraction of the whole 
flow, not more than ^ to 3^. It is obvious, therefore, that sap 
expansion cannot account for the flow in the maple. 

Moreover, it is also not easy to see why air should pass back 
into the wood fibers on cooling below 0° C. at a time when there is 
actual suction in the vessels. Even if this were possible the 
theory cannot account for the flow, and can account for the pres- 
siu'e only by supposing the walls of the wood fibers impervious to 
water to an extent beyond the range of probability. The water- 
■expansion theory must therefore be considered almost, if not 
quite, out of the question. 

The Wood-expansion Theory 

There is still another possible source of pressure due to heat 
■expansion, namely, the expansion of the wood itself. Wood ex- 
pands, as well as swells, more in transverse than in longitudinal 
direction. The coeflScient of expansion as determined by Villari ^ 
for dry maple wood is 0.000,006,38 in longitudinal direction, and 
0.000,048,4 parallel with the radius. The coeflBcient for wet wood 
is not recorded, but it must be considerably greater. 

Let us suppose that the rising sun falls abruptly upon the tree 
or that the air temperature itself rises rapidly; then the outer 
layer of wood will be warmed much more rapidly than the inner, 
and probably the rise will be several degrees in the outermost 
layers. These outer layers will tend to expand, but being firmly 
united with the inner, such expansion is possible only to the extent 
of the elasticity of the wood. The result will be, therefore, a pres- 
sure among the elements composing the outer layers. The vessels 
of maple wood are quite large and surrounded by fibers. Since 
the latter contain the bulk of the wall-substance, they, in expand- 
ing, would tend to press upon the large cavities, the vessels. Since 

* Villari, L. " Experimental-Untersuchungen tiber einige Eigenschaften 
•des mit seinen Fasem parallel oder transversal duix;hschmttenen Holzes." 
Pogg. Ann. d. Physik w. Ckemie, vol. 133, p. 400, 1868. 
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the walls of the vessels are not so thick as those of the fibers, it is 
very likely that the large tubes would become to a slight extent 
collapsed. If they were completely filled with sap, the pressure 
would be transmitted directly to the pressure gauge. Later in 
the day, the temperature having penetrated to the inner layers of 
the tree, the pressure would disappear. Such a theory could also' 
account for the very slight pressure observed in twigs which have 
a small diameter and are therefore quickly heated throughout. 

Again, from another standpoint,^ it is known that wood expands 
more across grain than longitudinally. Probably, like the swelling 
of wood cells, this is dependent upon the micellar structure of the 
walls themselves. As in the case of swelling therefore, it may be 
that the wood is free to expand tangentially, but is retarded radially 
by the massive pith-rays, the cells of which lie upon their side so 
to speak, and therefore expand less in the radial direction. The 
wood may in this way, independent of the contrast between inner 
and outer temperature develop an internal pressure, which would 
tend to compress the vessels as in the previous case. Pressure 
produced by this method, however, would not tend to disappear 
with the penetration of the heat. 

As in the water-expansion theory, here, too, the same relation 
must be supposed to exist between the wood fibers and the vessels, 
and the same impenetrability of the walls must be assumed. Con- 
sequently the objection must again be brought forward to assuming 
such a high degree of impermeability. The expansion of wood is 
even less than that of water and hence a still higher impermeability 
must be assumed. Granted this impermeability, however, an 
almost unlimited pressure could be theoretically obtained. 

Suction could be accounted for, as in the water-expansion theory, 
either by supposing a normal two or three pound suction in the 
tree, or by supposing that some fluid had passed into the wood 
fibers and was retarded in its return. 

The occurrence of maximum pressure so early in the day could 
be accounted for under the first method of pressure-origin by 
assuming that after a short time the temperature in the outer and 
inner layers had equalized to a large extent; and under the other 

» Roth, F. *' Timber." U, S. Dept. Agric., Dept. Forestry, bull. 10, p. 32. 
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method by assuming that after the first abrupt expansion the sap 
flowed oflF through the tissues to the wood fibers, or to more distant 
parts of the tree faster than expansion took place. 

Let us take the same case cited under the water-expansion 
theory of a maple tree 20 meters high and 5 dm. in diameter at the 
base, and a volume approximately 3.926,98 cu. m. as determined 
above. The radial coeflScient of expansion for dry maple wood 
is 0.000,048,4; if wet it would be greater, suppose 0.000,088,4. In 
tangential direction it would probably be greater still owing to the 
absence of pith-rays, say 0.000,15 or an average coeflBcient of 
0.000,119,2. The radius is 0.25 m., and for one degree of rise 
it would become 0.250,029,8 m.; the area would be 0.196,396 
sq. m., and assuming that the length remains the same, the 
volume would be 3.927,92 cu. m., an increase of 940 cc. for 
one degree, or 3660 cc. for foiu* degrees. This is only about 3.6 
liters to be compared with the actual flow often of 10 or more 
liters. Under the most favorable conditions, presupposing the 
transmission of pressure from the most distant parts of the tree, 
and the equal penetration of heat, the flow would be only a fraction 
of the total flow on many days. If the pressure is transmitted 
only eight feet each way the flow would be slight indeed, and if 
produced only in the outer layers, as it would be necessary to 
suppose if we consider the pressure due to contrast between inner 
and outer temperatiu'es, the flow would be insignificant. 

In order that the pressure should become evident at all from 
such a source an almost absolute impermeability of the fiber walls 
must be assumed, otherwise the very insignificant amount of 
expanded water would in a very short time pass through and 
pressure would soon cease. This theory, therefore, fails to account 
for the volume of sap flow; and pressure can be accounted for 
only by assuming the almost absolute impermeability of the walls 
and saturation of the vessels, the former of which at least, is very 
improbable. 

Combination of Gas- and Water-expansion Theories 

It has been shown that the expansion of the gas cannot account 
for the pressure, and can account for the volume of flow only when 
the resistance within the tree is reduced to a point considerably 
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below what we should expect. Supposing, however, that it is 
able to account for the flow, is there any way of combining this 
with the water expansion so that the water expansion will account 
for the pressure and the gas expansion for the flow ? 

Early in the sap season the wood fibers appear filled with gas 
while the vessels are nearly or quite saturated with sap. The 
sunlight falling upon the tree in the early morning would rather 
abruptly warm the outer layers several degrees. Provided now 
that the walls of the fibers are slowly permeable to water, as has 
already been shown to be the case to some extent, then a high 
pressure would be produced by the expansion of the water in the 
vessels. Rapid expansion would quickly diminish, however, and 
the slow filtration of sap into the wood fibers would at first counter- 
balance the remaining expansion, then finally reduce the whole 
pressure gradually to nearly zero. Fall in temperatiu'e late in the 
day would aid this. Since some of the sap has passed into the 
wood fibers there would be suction at first at night. This would 
gradually decrease as the night progresses owing to the return 
filtration from the wood fibers. This theory could therefore 
account for the fall in pressure before the maximum temperature 
in the outside air is reached. Since the fall of temperature is 
always more gradual than the rise, due to the direct rays of the sun, 
the suction at night would never be as great as the day pressure, 
and it never is. After several days of rapid fluctuation of temper- 
ature, or after a period of warm weather, gas might separate in 
the vessels thereby rapidly diminishing the pressure to be ob- 
tained by equal fluctuations of temperatm-e. This fact would 
account for the cessation of flow during a protracted thaw. A 
continued period of cold, however, might cause the absorption of 
gas and the resaturation of the vessels. 

The flow can be accounted for by this theory only by supposing 
the wood fibers but partly filled with gas, thus allowing expansion. 
The expansion of the gas within the cells as the temperature rises 
will gradually force sap out into the vessels. The sap will then 
flow from the tree if tapped until the gas expansion is completed. 

The objections to this theory are several. It must assume an 
impermeability of the wall substance which is beyond probability. 
Again, the volume of water produced by expansion is only about 
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one liter from the whole tree. Since this is distributed over the 
whole tree, and the numerous vessels expose an immense surface 
to the wood fibers, an almost complete impermeability would be 
necessary to affect the pressure markedly. But the gas expansion 
must later be supposed to overcome this same resistance. Con- 
sidering the weak pressure of the gas and its compressibility it 
would be impossible for more than a small fraction of the whole 
volume of gas expansion to be transmitted to the tap-hole. The 
volume of flow is only barely accounted for by the total gas ex- 
pansion, hence under these conditions only a small fraction of 
the flow would occur. Again, if gas expansion in the fibers causes 
flow, the latter would rise to a maximum slightly after the air 
temperature. The water expansion in the vessels would tend, 
however, to cause maximum flow at maximum pressure. The 
actual maximum would be a resultant of the two, so the curve of 
flow would reach its maximum later than the pressure curve and 
fall much more slowly. This is not the case with curves prepared 
from tables in the Vermont report. The curves of pressure and 
flow are almost exactly coincident. 

It seems evident therefore that this theory also must be laid 
aside. 

Combination of Wood-expansion and Gas Theories 

It has been suggested that although the expansion of the wood 
is not sufficient to account for the total flow of sap, still, if com- 
bined with the gas expansion, the two together might account for 
both pressure and flow. Granting that the vessels are nearly if 
not quite saturated with water and that the gas is mainly within 
the wood fibers, both of which conditions seem to be true, then 
when the tree warms, the conditions would be as follows. The 
rapid warming of the outer layers of wood when the sun first falls 
upon them in the early morning would produce pressure as already 
outlined. With the vessels saturated, this pressure might be very 
great. As the day progresses the expansion of the wood goes on 
more slowly, and as the inner layers become warmed the outer 
layers are subjected to constantly decreasing strain. Meanwhile 
the sap would be constantly but slowly filtering through the walls 
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into the cavities of the wood fibers and thus compressing the gas 
there present. This filtration, although too slow to oflFset all the 
pressure early in the day would materially decrease it, and later 
overcome it altogether. But the gas has meanwhile become 
warmed and tends to force water back into the vessels. If the 
tap-hole is open, a flow due to the gas expansion would occur. 
Such a flow would be greatest early in the day when the wood 
expansion was also acting and gradually decrease but at a much 
slower rate than the decrease of pressure, due to the great elasticity 
of the gas and to the fact that the maximimi volume of the gas 
would be at maximum temperature. The retarding effect of the 
slow conduction of heat would probably postpone the maximum still 
later. If we assume, therefore, that the expansion of gas at these 
temperatures is great enough to account for the volume of flow, 
then this theory might possibly furnish a means of accounting for 
the pressure and flow together. 

The objections are several, and fatal to the theory. The most 
important objection lies in the probability that gas expansion 
cannot account for the flow, as outlined above under the discussion 
of that theory. Much less could the gas account for the flow if 
considerable force were required to transfer the sap through the 
walls of the vessels, as our present theory demands. Again, as 
described under the water-expansion theory, we have no good 
reason to assume such an almost absolute impermeability of the 
cell walls to water. Again, curves plotted from tables XVI and 
XVII of the Vermont report show that the sap-flow and pressure 
curves are practically parallel. The maximum pressure and maxi- 
mum flow are coincident, and both decrease gradually and equally 
as the day advances. The maximum of each occurs usually 
within an hour or two after starting, and the fall begins some time 
before the maximum temperature of the air, much less of the tree, 
is reached. 

This theory also must be laid aside as improbable. 
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The Freezing Theory 

Professor Clark ^ and others were inclined to believe the pressure 
in the maple due to the expansion caused by the freezing of the 
water within the tissue. "The sap is separated from the cellulose 
of the wood by the cold and under ordinary conditions reabsorbed. 
The bleeding is, therefore, a sort of leakage from the wood, but 
this is doubtless increased by the elastic forces of the gases in the 
tree which are compressed by the liberated sap, and the expansive 
power must be intensified by the increase in temperature which 
always accompanies a flow. 

"This theory explains the fluctuation of the gauges, and accounts 
for the singular fact that the upper one shows the most pressure 
and the greatest variations in as much as the branches and twigs 
would of course be most quickly and powerfully affected by the 
heat of the sun and the temperature of the atmosphere. The pres- 
stu'e of the expanded gases in a tree in a normal condition would 
facilitate the reabsorption by the wood of the liberated sap. Their 
contraction by cold would also cause the cessation of flow from 
a tree which was nmning, and produce the remarkable phenom- 
enon of suction exhibited by the gauges at night or during frosty 
weather." 

That the water would be drawn from the walls, our present 
knowledge of the freezing process shows to be true. First, the 
water in the lumen would congeal, then to these crystals water of 
imbibition in the walls would flow. If at the start the vessels are 
nearly or quite saturated, then the extra water from the walls, to- 
gether with the expansion of the forming ice, would very naturally 
cause great pressure. In this wise the walls of the vessels or 
other chambers containing ice would be forced apart in proportion 
to their elasticity so that on thawing, the water would be under 
great pressure until suflBcient time had elapsed for it to return 
again to the cells and walls from which it came. 

It is diflBcult to compute the amount of flow that could be 
expected from such a source of pressure, but it might be consider- 
able depending upon the amount of elastic expansion of the tracheal 

* Clark. Observations on the Phenomena of PlantAife^ p. 62. 
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walls, and the slowness of the return of water to its original location 
in the walls. 

The objections to this theory are very serious. Firstly, the 
forces of imbibition are suflBciently strong ordinarily to insure a 
comparatively rapid return of water to the cell walls. The return 
of water to the walls in thawing winter buds I have observed to 
take place almost immediately. Flow and pressure throughout 
the entire day could not be accounted for in this way. Secondly, 
ice does not form in wood at the temperatures obtaining during 
the season of flow. A tree temperature of -3® C. was the lowest 
obtained by the Vermont Station during this period, while on many 
good sap days the tree temperature at night was only -0.5® or 
-1° C. The overcooling point, not the true freezing point, is of 
importance in determining whether ice will be formed, and this 
is always several degrees lower than the freezing point in all 
plant tissue. Both are lower than the freezing point of pure water. 
Miiller-Thurgau ^ found these temperatiu'es for various sorts of 
wood as follows: — 

overcool. pt. freez. pt. 

Stem of small apple tree -7.2? C 

One year shoot of pear -3.9 -0.22^C. 

One year shoot of pear -2 . 18 -0. 25 

Old wood of grape -6.05 -2.85 

Young wood of grape -2.9 -2.1 

" " " " -3.5 -3.35 

" " " " -2.9 -2.5 

Fir wood -5.4 -0.4 

The overcooling point seems to be greater in the more dense 
woods than in the grape probably because of the large vessels and 
watery sap oflFering Uttle resistance to the inception of ice for- 
mation. Maple wood would be of the closer grained type. Ice 
formation would probably not commence before a temperature of 
-4*=* to -7° C. was reached. Dixon and Joly * found that ice began 

* Mtiller-Thurgau. "Ueber das Gefrieren und Erfrieren der Pflanzen." 
Landw. Jahrb., vol. 15, p. 492, 1886. 

' Dixon and Joly. "The Path of the Transpiration Current." Ann. Bot., 
vol. 9, p. 416, 1895. 
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to form in wood of Taxus at -10** or -IP C. Therefore only 
during the coldest nights of the sugar season could ice ever form 
in the wood. Some of the aberrations in the readings obtained 
by various investigators on very cold nights seem to be due to this 
cause, since it is not improbable that if ice actuaUy does form in 
the vessels an increase of pressure at night rather than a decrease 
may be evident for a time. 

Freezing, therefore, plays no important part in the phenomena 
under discussion. 

Theory that Pressure is due to Activity of Li\aNG Cells 

Having exhausted the possibilities in which mere physical force 
due to expansion is the main factor, we come now to the theories 
in which protoplasm plays the main part. 

Pressure cannot be caused by the contraction of the protoplasm 
with forcible ejection of the sap because of the fragile nature of 
the ectoplasm. Even if this were suflBciently strong no pressure 
could be obtained unless the exit from the contracting sack was 
into a reservoir unconnected with the space around the remaining 
surface of the sack. Otherwise the extruded sap would simply 
occupy the space left by the contracting protoplasm, and no in- 
crease in volume would take place. The alternative then, is for 
the pressure to be caused by osmotic phenomena. Pressure and 
flow if accounted for in this way must presuppose an exudation, 
under pressure, of sap from the living cells. 

Exudation is known to occur in Mucor as described by PfeflFe'r. 
In Spirogyra at very low temperatures near zero C, water has been 
observed to appear in droplets upon the surface of the cells. ^ 

Drops of water are secreted from the cells of the pulvinus in 
Mimosa when stimulated, and from the sensitive staminal filament 
of the Cynarese. At present bleeding pressures in root and stem 
tissues can be accounted for in no other way. The phenomenon 

^ Pfeffer. Pflanzenphysiologief ed. 2. 

Greeley, A. W. "On the Analogy between the Effects of Loss of Water 
and Lowering of Temperature." Amer. Joum. Physiol., vol. 6, p. 122, 1901. 

Livingston, B. E. The Role of Diffusion and Osmotic Pressure in Plants, 
Chicago, 1903. 
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is, therefore, one known to ocdu* in plant tissues and is apparently 
much more widespread than was formerly supposed. Research 
is tending to show that bleeding occurs among cells of widely 
different tissues, and is probably to be considered a normal and 
very general phenomenon in plants.^ 

The exudation can be conceived to be produced in either of twa 
ways: either by change in permeability of the diffusion membrane 
allowing water to pass with less friction, or by a change in osmotic 
tension. In regard to the first method it may be said that although 
diffusion membranes are considered to be freely permeable to water 
they really are not quite so. A force is required to press water 
through such a membrane as is shown by the fact that a bladder 
may be filled with water and suspended in air without the water 
escaping immediately. It is conceivable, therefore, that a portion 
of thfe cell membrane might become quite freely permeable to the 
solvent while the remainder continued dense. But so far as we 
know the resistance to the passage of water is very slight and plays 
no great part in the determination of pressiu'e in osmotically 
active cells. So far as our knowledge goes, osmotic pressures are 
the same, no matter what membranes are used, providing that the 
solute is of the same nature and density, and that the membrane is 
permeable to it in the same degree, and also permeable to water. 
The osmotic pressure of water has been demonstrated in con-^ 
nection with some artificial membranes, but was always found to 
be slight. So far as we know at present all pressures of any 
moment in connection with semipermeable membranes are pro- 
duced directly or indirectly by the action of the solute, and are 
proportional to the quantity of the latter present. 

We have remaining the alternative of a change in osmotic ten- 
sion. But such an alteration in osmotic tension is not suflScient 
in itself. Water might be excreted from the cells by a simple 
change in permeability of this sort, but the production of pressiu'e 
in the surrounding tissue would be impossible, for as the water 
passed out from the cell, the latter would decrease a like amount 
in volume and no pressure would ensue, simply a change of location 



» Wieler, A. " Das Bluten der Pflanzen." Cohn*8 BeitrOge, vol. 6, p. 1, 1892. 
See also Pfeffer, Pflanzenphysiologie. 
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of the water with reference to the membrane of the cell. To ob- 
tain pressure externally by osmotic action it is necessary to assume 
A flow of water through the cell. But if the two reservoirs of supply 
and excretion are confluent then there will be a flow through the 
cell, in at one point and out at another and back again outside to 
the starting point, thus forming a circle of flow; and there would 
be no external pressure. The reservoir of supply to the cell must 
be distinct from the reservoir of excretion. Pressure will then be 
produced in the latter reservoir while at the same time, in the 
former a tendency toward suction will occur. 

Flow through a cell will occur as Pfeffer * has already shown 
(a) if the solute passes through the membrane more easily at one 
«nd than at the other. Osmotic tension will here be less and the 
water will be forced out by the tendency to greater pressure at the 
other end. Flow will be in at the side of less permeability and out 
At that of greater permeability. Such a condition has been 
•demonstrated experimentally in an artificial cell by Copeland.' 
Or (b) a flow will occur if the solute is more concentrated at one 
end of the cell. Water would enter in this case at the r^on of 
greatest concentration (greatest osmotic pressure), and pass out 
At the region of least concentration; and would continue to flow 
■as long as the solute remained thus distributed. The diflBculty 
in this case would lie in the maintenance of unequal concentration 
of the solute within the same cell. Since diffusion would soon 
•equaUze any such irregularity it could be accomplished only by 
the constant production of more solute at a certain point. 

If pressure is due to the unequal permeability of the membrane 
to solute then there must always be a secretion of solute along with 
the sap into the chamber showing the increased pressure. Sap in 
this reservoir cannot be pure water, or even nearly pure water, 
unless the plant possesses some means of ridding the sap of such 
^ute after its excretion either by its immediate change to solid 
form or its use in metabolism. In case pressure is due to an 
unequal distribution of solute within the cell then no excretion 



* Pfeffer. Pflamenphysiologie, ed. 2. 

' Copeland, E. B. " Physiological Notes II, an Artificial Endodermis Cdl." 
Bot. Gaz., vol. 29, p. 437, 1900. 
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of the solute into the receivmg reservoir would necessarily occur. 
The exuded sap, in such cases, might be pure water. 

That the production of comparatively great pressure is possible 
in either of these ways is apparent. As shown by Pfeffer's table 
{p. 146) a difference of one percent in concentration of sugar 
solution is equal to a pressure of about 0.69 atmospheres or 10.3 
lbs. (4.6 kg.). Twenty pounds pressure, which is about the 
maximum for the maple, would be equivalent to a difference of 
2 ^ in concentration. This is not too great to expect considering 
that the percent of sugar in maple sap is from 1 tp 5.5 and that 
local concentration might be much greater for a short time before 
diffusion. One might refiusonably expect a higher pressure. 

It is very diflScult to bring forward any general theoretical 
evidence to establish the impossibility of either the excretion of 
solute theory, or the unequal distribution theory. But the fact 
that sugar actually passes into the vessels in large quantities lends 
a probability almost convincing to the idea that the increased 
permeability allowing the sugar to escape is also the cause of the 
pressiu'e. 

Maple wood is diffuse-porous, the vessels being scattered 
rather evenly throughout the annual ring, although they are per- 
haps slightly more numerous in the spring wood. The vessels 
are large, solitary, or, more usually, two or three together and 
surrounded by the moderately thick-walled wood fibers. These 
latter form the main bulk of the woody portion. Wood paren- 
chyma is very scarce, and is confined to a few rows of cells in the 
vicinity of the vessels at points where they are adjacent to the 
pith rays. There is some question whether this tissue is wood 
parenchyma since there are no cross walls as ordinarily; or whether 
the cells are not wood fibers like the rest but with cellulose walls. 
I am inclined toward the latter view since the similarity is other- 
wise so striking. The wood fibers are without markings but the 
vessels are densely pitted. Pith rays are numerous in maple and 
very large (Fig. 1). An estimate seems to show that they occupy 
about one fourth of the volume of the wood. The larger ones are 
from 8 to 10 cells high and from 3 to 4 cells thick, ellipsoidal in 
tangential section, and extend from the cortex to varying depths 
into the wood, some reaching to the center. The cells of the pith 
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rays are slightly smaller in diameter than are the wood fibers, and 
the walls are thick and lignified. In radial direction they are from 
3 to 5 times as long as wide. Through the various walls pits 
extend. These are sparse on the side walls adjacent to the 
wood fibers, and are simply very narrow canals extending at least 
part way through the wall. I was not able to demonstrate that 




Fig. 1. — Maple wood, tangential section. Note the massive pith rays, and the 
large number of wood fibers. 

they passed entirely through. At any rate the communication 
laterally through the walls must be slight, and passage difficult. 
Similar narrow pits, though somewhat larger, are very abundant 
on the end walls, and, except possibly for a closing membrane, are 
very obviously continuous from one cell to another (Fig. 2).. 
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When the pith rays are contiguous to a vessel, large bordered pits 
are abundant in the common wall between them. Elsewhere on 
the vessels, pits seem to be absent, except in the walls between the 
few wood parenchyma cells and the vessels. Preparations stained 
with hsematoxylin showed purple in the wood only where pith 




Fig. 2. — Pith ray of maple in radial view stained with iodine. The cavities of 
the four dark cells are iUled with gas. This causes the pits to become 
very plainly visible. The dark bodies in the other cells are starch grains. 

rays, or the sparse wood parenchyma touched the vessels. It 
seems probable therefore, that all the walls are lignified except 
just at these regions that stain, and these probably remain cellulose. 
On March 25th, sections stained with iodine after the htematoxy- 
lin showed the pith rays well filled with starch. Starch was also 
present in abundance in the wood parenchyma cells about the 
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vessels, and in some of the wood fibers. The starch-containing 
fibers were mostly either adjacent to the vessels or clustered in a 
band at the end of each year's growth. The other wood fibers 
contained none at all. All of these cells with starch are living 
and contain protoplasm. In autunm we find the starch-con- 
taining cells of the maple packed full of this substance as in other 
trees. From the time cold weather commences until springs 
starch is gradually converted into sugar. Fischer* has found 
this to be the case in many trees. The Vermont workers also 
found the starch content to decrease in early spring, and the 
sugar-content to increase. There is, however, no evidence to 
show that sugar is again reconverted into starch in late spring as 
Fischer states to be the case in some trees. It seems that the 
starch stored in the pith-ray cells and in the wood fibers described 
above is gradually converted into sugar as spring advances. Since 
there is no other source for the constantly increasing sugar content 
of the sap in the vessels it seems reasonably certain that this sugar 
escapes into the vessels from the starch cells where it is formed. 

If pressure and flow are due to the living cells they must then 
be due to the pith-ray system, the wood-fiber system, or both, since 
these constitute the living part of the wood. In wood, as shown 
by Sachs, the only direction in which water passes with difficulty 
is radially. In longitudinal and tangential directions there is 
little obstruction to the flow. Moreover, although in the previous 
discussions in this paper, the fiber walls were hypothetically con- 
sidered as almost impermeable to water, it seems more likely 
that one or even two walls intervening would retard the passage 
of water but little. At any rate, it is scarcely probable that a 
strand of starch-containing wood fibers contiguous to a vessel at 
one end would be more than two or three walls distant at the other 
end, and therefore there would be no way of obtaining for such a 
strand the two distinct water reservoirs necessary for the pro- 
duction of pressure. 

In order that a homogeneous membrane should become suddenly 
more permeable at certain regions at a definite rising temperature 



* Fischer, A. "Beitnige zur Physiologic der Holzgew&chse/' Pringsh. 
Jahrb., vol. 22, p. 73, 1891. 
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only, it seems reasonable that some stimulus must be applied, and 
since other factors are practically constant, it seems reasonable to 
expect this stimulus to be the rising temperature. It is diflScult 
to think of any other factor among the conditions obtaining in a 
bleeding maple tree that could give such a stimulus. But the 
temperature changes would reach all parts of a narrow longitudinal 
wood fiber at almost the same time, and the stimulus would not in 
that case be imequal. For these reasons it seems improbable 
that the wood fibers can take any great part in the production of 
pressure and flow. 

This is not the case, however, with the pith rays. Extending 
radially through the wood with few lateral pits and numerous 
end ones, they are admirably adapted for radial conduction with- 
out much lateral loss. Only at comparatively long intervals where 
they touch a vessel are they connected with the surrounding wood. 
The radial conduction of water in any wood is very limited, and 
the many layers of wood fibers in this case would form an especially 
efficient barrier between the inner and outer wood, each layer of 
which could here serve as one reservoir of the system. If we 
suppose the ray cells more permeable to sugar at the outer or the 
inner ends, then conditions are all suitable for the production of 
pressure and flow. The penetration of early morning heat would 
tend to warm all of the radially elongated ray cells at the outer end 
before the inner. Throughout the whole period of rising tem- 
perature therefore one end of each cell would be slightly warmer 
than the other. It is easy to conceive of this condition acting as 
a stimulus to cause a similar imequal permeability in all the cells. 

We may conceive of the phenomenon occurring somewhat in 
this way. During the winter months but little starch is converted 
into sugar. As spring approaches, and up to the time of vernation, 
the stored starch is gradually converted. In this way the sap of 
the living cell must become highly concentrated and the osmotic 
force very great. During constant temperature, however, the pro- 
toplasmic membranes are either almost equally permeable to sugar 
over all parts of their surface, or not permeable at all. The latter 
is not probable since the concentration within the cell would soon 
become very great. 

Rising temperature, however, by warming the peripheral ends 
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of the cells firsts acts as a stimulus and causes the ray cells to be- 
■come more permeable to sugar at one end, which is the same end 
in every case. Since the greater pressure and sugar content is in 
the outer wood, it seems probable that the outer ends of the ray 
cells rather than the inner become more permeable, and the flow 
would be therefore from the heart wood toward the cortex. In an 
untapped tree of course there would be scarcely any flow, simply 
statical pressure, but sugar would pass into the vessels just the 
same. But the mechanism cannot be quite as simple as it seems 
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FiQ. 3. — Diagrams representing chains of pith-ray cells. I, II, III, cell cavities; 
a, cell wall separating membranes x and y. Tendency to 15 gm. pressure 
at one end of the cell and 6 gm. at the other. 

at first. It will not do to assume simply that the membrane at 
one end of the cell becomes more permeable to the solute in both 
directions than does that at the other end. Let A and B in Fig. 
3 each represent three pith-ray cells, and the intervening shaded 
portions the cell walls between. Suppose that in A, at the x 
membranes of each cell, there is a tendency Mo 15 gm. osmotic 
pressure, while at the y membranes there is a tendency to only 

* The word tendency is here used because in all parts of a liquid the hydro- 
static pressure must really be the same. 
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5 gms. Sufficient sugar is passing out through the y membranes 
to equal the difference of 10 gms. pressure. The sugar now in 
chamber a would tend to exert a pressure of 15 gms. toward 
membrane x and a pressure of 10 gms. against membrane y, which 
would cause a reverse pressure of 10 gms. offsetting the pressure 
caused by the cell. Only if the solute could be carried away as 
soon as excreted could this mechanism work to produce pressure, 
but the assumption of such freedom for the solute would neces- 
sitate a still greater freedom for the solvent, which would make 
the existence of two imconnected reservoirs impossible. It is 
obvious therefore that no pressure can be produced by this method. 
In order to obtain pressure it is necessary to assume unequal 
permeability of the membrane in the two directions. In B we 
may suppose each end membrane to show a tendency to 5 gm. 
pressure on its left-hand side and 15 gms. pressure on its right. 
Then water would pass from the cell to chamber a under 10 gms. 
pressure, and from this chamber to the next cell under 10 gms. 
again, and so on. This arrangement would also account for the 
passage of sugar from one cell to another, which could not be 
explained by the first method. 

If, as there seems some reason to believe, the two membranes 
on either side of the cell wall act as one owing to the numerous 
plasma connections between them, then, as may be seen from C, 
(Fig. 3), the assumption of unequal permeability of the same 
membrane in opposite directions is the only one that will account 
for the phenomenon. It seems, therefore, that in any case we must 
assume not simply that the membrane at one end of the cell is 
more permeable than that at the other, but that each end membrane 
is more permeable in the direction toward the bark than toward 
the pith. 

I see no reason why the pressure produced by the various cells 
should not be accumulative, that is, if we have three cells each 
producing a 10 gms. pressure we might expect a pressure of 30 
gms. at the end of the series, or perhaps even double that if it is 
assumed that the cell wall forms a distinct chamber. For example, 
in B (Fig. 3) sap from cell I is forced into chamber a under 10 gms. 
pressure. Chamber a forces sap into cell II under a pressure of 
10 gms. also; but, disregarding friction, cell I would have forced 
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water through the cavity o into cell II with 10 gms. pressure if 
a had contained only pure water. Is it not reasonable then that 
sap would be actually forced into cell II under 10 4- 10 gms. 
pressure, and so on? If this is true then it would seem that the 
longer the pith ray the greater would be the peripheral pressure. 
Large trees would be expected to show more pressure than small 
ones. Unfortunately, records of pressure in trees of various sizes 
have not yet been made. 

But it is not necessaiy or even probable that this is the case. 
The temperature each morning penetrates the wood in a wave- 
like manner. Only a few cells in each pith ray would be subject 
to the critical temperature at the same time; those farther within 
would be yet unstimulated, while those farther out would be 
recovering from the stimulation. Therefore but few cells would 
actually take part in the production of pressure at any one time. 
If this is true, the size of the tree would have little effect upon the 
pressure, within certain limits. I am inclined to suspect, how- 
ever, that the diminished pressure in the branches and twigs may 
be, in the main, owing to this. 

The question naturally arises why, if conditions are as here 
outlined, a pressure of 9 kg. in the outer wood would not necessarily 
be accompanied by a suction of 9 kg. in the inner wood, or indeed 
by 9 kg. plus the natural suction of the tree; but no such suction 
as this has been recorded. It may be mentioned that there seem 
to be no recorded accounts of search for pressure or suction at a 
greater depth than 10 to 13 cm. But the question may be con- 
sidered from another standpoint. As stated above, the production 
of pressure would probably be confined to a comparatively few 
cells in each series. When pressure begins in the morning the 
active zone is near the bark, and water would be fo^^ced into a 
comparatively limited chamber, the contained gas would be 
rapidly compressed, and great pressure would be produced; but 
the water would be drawn from all the other layers of the trunk. 
The gas of all these layers would be expanded only a very slight 
amount, and little extra suction would be produced. Incidentally, 
the high pressures have all been recorded in the outer wood soon 
after flow began in the morning. 

The rising temperature probably does not act as a constantly 
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increasing stimulus, but as an abrupt one. As the critical temper- 
ature is reached the mechanism of stimulation is perhaps set off 
all at once, so to speak, and the maximum permeability is reached 
very soon, and consequently the maximum pressure and flow. As 
the day progresses either the already converted sugar in the cell 
is exhausted or the membrane gradually recovers its normal con- 
dition as it recovers from the stimulus. It seems more likely 
that the recovery is not due to the exhaustion of sugar content 
because on succeeding warm days without freezing nights there 
is still evident considerable fluctuation with temperature showing 
that some sugar is still there. Then again, if the membrane 
remained imequally permeable, the small amount of sugar con- 
version that does constantly occur would tend to maintain a 
constant though slight pressure until by a fall to 0° C. the mem- 
brane became again equally permeable; but instead suction usually 
soon occurs. It seems much more reasonable that after the abrupt 
stimulation the protoplasm should soon gradually recover its 
original condition. The slight fluctuation in pressure that occurs 
each morning even during a thaw period is probably due either 
to a recurring but slighter degree of difference in permeability, 
or to an abrupt increase in sugar production induced by the rising 
temperature. Since abrupt fluctuation in sugar production suf- 
ficient to cause pressure is improbable, the former hypothesis 
seems the more reasonable. 

There is no reason to believe the conversion of sugar to be 
otherwise than normal, that is, gradual and constantly progressive, 
less rapid when the temperature is low and more rapid when higher 
according to the normal action of enzymes. I see no reason to 
assume that at 0° C. enzyme activity is abruptly stimulated, thereby 
converting a large quantity of starch into sugar abruptly at one 
end of the cell, and thus causing pressure through the unequal 
distribution of the solute. It seems to me more probable that at 
a low temperature the membrane is comparatively and almost 
uniformly impermeable over its entire surface. Osmotic pressure 
is therefore high and the cells are very turgid. A rise of temper- 
ature to the critical point now causes the abrupt stimulating shock, 
sugar passes out at the peripheral ends of the cells, and both 
pressure and flow become great toward the outer wood. After 
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the first shock the cell begins to recover until the permeability is 
again equalized and pressure and flow cease. When the penne- 
ability is equaUzed at a high temperature, as well as at a low one, 
suction ensues. Hence the suction so often observed during the 
latter part of the thaw period. This suction may be partly due 
to the pressure having expelled part of the sap from the outer 
layers down toward the root or up toward the branches. Then 
after the restoration of equal permeability the tendency to equalize 
with the suction of the inner wood would tend to cause some 
suction in the outer trunk. The suction during cold nights may 
be partly due to the inner ends of the pith-ray cells being warmer 
than the outer thereby causing unequal permeability and con- 
sequent pressure in the reverse direction. But I believe that the 
wood of maple is normally under suction at this period, as is that 
of so many other trees, and that the return to suction either at a 
high or low temperatiu'e is merely a return to the normal. There 
is probably always some increase in permeability whenever one 
end of the cell is warmer than the other, hence pressure does not 
drop to zero until after the temperature has become equalized 
throughout the trunk each day; and on succeeding days, even if 
there has been no frost, the morning rise of temperature causes 
some pressure because of the same unequal warming. It seems 
reasonable to suppose that some sugar passes into the vessels at 
all times during the period of starch conversion, otherwise the 
concentration in the cells would become very great. The passage 
is probably less at low temperatures and greater at high temper- 
atures. The warmer end of the cell is therefore always the one 
toward which flow is directed. Maple probably differs from other 
trees having starch stored in the pith rays mainly in (a) the sen- 
sitiveness to temperature causing marked unequal permeability at 
the two ends of the cell and (6) the spasmodic effect of this stimulus 
when the temperature is rising past a certain critical point. 

The protoplasm of all sugar maple trees is probably not equally 
sensitive. For instance, for a number of years I have observed 
a tree which flowed comparatively little sap although this was 
unusually sweet, flowed less vigorously on a good sap morning 
than most trees, and continued flowing after the other trees had 
ceased during a warm spell. I suspect that here the protoplasm 
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was simply less responsive and less sensitive, less influenced by 
the rise in temperature, and much slower to recover after stimula- 
tion. In this way probably much of the observed individuality 
existing between different maple trees may be accounted for. 

The quantity of sugar in the sap of any tree would be no in- 
dication of the difference in permeability, that is of pressure. 
This sugar content depends upon the total quantity of starch, 
stored in the pith rays and the rapidity of conversion as well as on 
the permeability. The relatively greater quantity in the sap of 
the outer wood over that from the inner layers, on the other hand, 
would probably be proportional to the amount of pressure and 
flow. 

The flow is not always as great as the pressure would lead one 
to expect. This may be because in these cases the available 
supply of water in the wood is less than usual. 

Since each annual cylinder of wood with its system of vessels 
is in the form of a cone each extending higher on the tree than the 
preceding, water would probably tend to pass from the shorter 
layers to the higher ones, thus helping to raise the water in the 
tree. Water for the inner layers would probably be drawn prim- 
arily from the soil. Pressure in the twigs and branches is usually 
much less than in the lower tnmk. This may be for three reasons, 
viz,, — because the temperature would equalize so quickly, because 
the radial chains of pith-ray cells would be shorter than in the 
trunk, or because of a less unequal permeability in the cells of the 
twigs. When a small branch or twig is cut off, sap flows from 
both surfaces but under no great pressure. I believe that the 
main portion of the flow in severed branches is due to the com- 
pressed air caused by the forcing up of sap into this part of the 
branch from the wood below. 

Sugar probably passes from the wood fibers from the longitu- 
dinal faces if unequal temperature affects them in a similar manner, 
and owing to the narrow diameter of the fibers the flow thus caused 
would probably return again to the other side of the fibers with- 
out causing much, if any, pressure. 

An objection to this theory which quickly comes to one's mind 
is the following. Why should the excreted sap pass through the 
pits into the next cell rather than around back between the plasma 
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membrane and the cell wall to the other end of the cell, thus pro- 
ducing a flow back through the cell without evident pressure? 
This seems impossible to answer at the present state of our knowl- 
edge, but it must be remembered that all theories of pressiu'e pro- 
duced by unequal permeability must meet this same objection. I 
believe, however, that a more critical study of the cell will event- 
ually settle this point. 

Regarding the water in the inner and outer layers, the Vermont 
Bulletin gives determinations up to a depth of 15 cm. only, and 
these are the only ones available. It was found on December 
13th that the water content of the outer wood was considerably 
greater than the inner (37.5 ^ and 24 ^). From that time until 
March 11th the percent in the outer layers decreased to 33.4^ 
while that of the inner wood increased to 39.1 ^, thus giving a 
greater percentage for the inner layers. From then until April 
28th there was an increase in both layers, but principally in the 
inner. At about this time the buds began to open and the water 
content of both fell abruptly. Along toward the first of June 
the content of the outer layers again became greater than the inner 
for a few weeks. These results seemed at first to present an 
objection to the present theory in thfit one would expect a greater 
water content in the outer layers into which the water would be 
forced from the deeper wood by the pumping action of the pith 
rays. After fiu^er thought, however, I am inclined to believe 
.that the above readings are to be expected. The outer layers are 
subjected alternately to much greater pressures and suctions, 
while farther within the fluctuations are moderate, with pre- 
dominating suction. It is reasonable to suppose that such violent 
fluctuations would gradually cause the accumulation of gas in 
these outer layers, and especially since these are near the exterior. 

Why this particular temperature of from 1° to 3° C. should be so 
efficient in causing abrupt stimulation rather than any other is 
also an unsolved question. It must be noted, however, that 
several other phenomena seem to be connected more or less 
definitely with the same temperature, namely the exudation of 
water from the surface of Spirogyra threads already mentioned, 
and the gradual death of Coleus and other tender plants when 
subjected to this temperature but not frozen. This being the 
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temperature at which pure water is at its greatest density suggests 
that a re-arrangement of molecules in the water might be the source 
of the stimulus. The objection to this is that only pure water 
has this point of maximum density while in solutions of but slight 
concentration the point rapidly approaches the freezing point, 
and soon these two are identical. 

It must be borne in mind that the idea that pressure is due to 
unequal permeabiUty as above outlined is theory, not demon- 
strated fact. Its usefulness should lie in directing future in- 
vestigation. 

Trees that Bleed Late in Spring 

Trees of this second group show quite a different behavior in 
regard to the environmental factors, especially temperature. In 
general the seasonal flow steadily increases from its inception 
until the maximum is reached and then as gradually declines. The 
composition of the sap of the different species differs according 
to the date of flow, and especially the time of beginning. There 
is little similarity in the composition of the sap in the different 
species. That of birch contains a large percent (6 ^) of sugar, 
but this is glucose, not cane sugar, while that of the grape is almost 
pure water and contains no sugar. If trees of this class are cut 
down, the stump surface will continue to bleed, in the birch and 
grape very freely, while the cut surface of the trunk will soon 
become dry. 

According to Clark, the black birch begins to bleed about 
April 1, attains its maximum the last of April, and stops about 
the middle of May. The wild grape commences about May 1st, 
arrives at its maximum of flow and pressure about May 30th, and 
ceases early in June. The pressure and flow in both of these plants 
fluctuates very little as compared with the maple, and depends 
very little on the temperature of the air. Great changes in tem- 
perature affect the pressure slightly, but only after several hours. 
Nearly the whole fluctuation consists in a regular diurnal periodi- 
city greatest at night and less in the morning. In this group 
of trees the phenomenon is without doubt one of root pressure, 
and the fluctuations are characteristic root pressure fluctuations. 
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According to Clark, holes bored at difTerent heights in a birch tree 
showed that the column of sap was supported almost entirely by 
the pressure from the root at the base. 

The difference between the bleeding phenomena of the group 
of trees which bleed in late spring, and then mainly from the root, 
and the trees of the maple type is, after all, perhaps mainly one of 
degree only. Although in early spring there is no bleeding from 
the root but rather suction in the maple, later in April when the 
leaves are about to appear, root activity is evident here also, though 
always moderate. Eliminating the peculiar eariier stem pressure 
the condition in the maple would be normal for the other group. 
In the case of young maple saplings the root activity begins con- 
siderably eariier than in large trees, probably due to the shallower 
root system. This also happens in the roots of young birch sap- 
lings. In the case of these young maple saplings I am inclined 
to believe that the flow was perhaps entirely due to root pressure. 

On the other hand, the conversion of starch in the trunk and 
branch cells of the birch tree may take place at a later date than 
in the maple and without the accompanying spasmodic changes 
in the permeability of the membranes. Conversion seems to 
commence in the root in this case and progress upward, but this 
point has not been definitely proven. It seems more natural to 
expect the starch of the tnmk in these trees as well as in the maple 
to be converted before that in the roots owing to the retarding 
effect of the slowly warming soil. Whether the trunk tissues of 
birch take part in producing pressure late in the season has not 
been carefully investigated. From the experiments of Clark it 
seems rather doubtful. As we have already learned, pressure is 
not a necessary accompaniment of the escape of sugar from living 
cells into the vessels. 

If we accept the cell-activity theory for the sap flow in the maple 
as the most probable, then it seems likely that the difference 
between the trunk cells of birch and the other trees of this group 
and those of the maple lies in the inability of the temperature or 
any other stimulus to cause unequal permeability of the proper 
nature (i. e., with the proper mechanism) to cause pressure. 
Therefore the only pressure evident in the birch is the so called 
root pressure. 
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Owing to the difference in structure between roots and stems- 
the exact mechanism having to do with the root exudation pheno- 
mena in all these trees is a different problem, and not to be dis- 
cussed here. 

Molisch ^ has recently come to the conclusion that many cases 
of bleeding in trees through tap-holes or other wounds are local, 
and exist only after the incision is made. The wound here acts 
as a stimulus starting repair phenomena, with increased turgidity 
of the neighboring cells. He is inclined to believe, however, that 
the spring flows in maple, birch, and grape are general phenomena, 
and of another category. To me it also seems that the conditions 
outlined at the beginning of this paper rather preclude the con- 
sideration of the maple phenomena as local. But I cannot see 
that the fact that they were local would in any way preclude the 
action of the pith rays as here outlined. 

Summary 

1. The source of pressure for the bleeding of trees in spring 
seems to be localized in different portions of the plant in different 
species. 

2. Trees may be roughly classified into two groups in this re- 
gard: (a) those in which the source is mainly in the tnmk and 
branches. These, as for example the maple, bleed early in the 
season. (6) Those in which the source is in the root only. These 
bleed later in the spring, as for example the birch and grape. 

3. Only the problem of the cause of pressure in the maple is 
considered in this paper. 

4. There seems to be an undoubted relation between the oc- 
currence of pressure in the maple and the fluctuations in temper- 
ature. 

5. In connection with no other fluctuating factor of the en- 
vironment can such relation be shown. 

6. Pressure exists only when the temperature is rising. When 
it falls or remains constant, suction occurs. 

* Molisch, H. "Ueber localen Blutungsdruck und seine Ursachen." Bot.. 
ZeU., vol. 60, p. 45, 1902. 
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7. Except when the temperature is rising past the vicinity of 
0® C. the pressure is very moderate or slight. In the latter case, 
however, it may rise to the height of from 6 to 9 kg. per sq. in. 
in less than one and one half hours. Pressure then b^ns to fall 
whether or not the temperature still continues to rise. 

8. The flow is in a general way coincident with, and propor- 
tional to, the pressure. 

9. Expansion of gas in the wood can by no means account for 
the amount of pressure exhibited by the maple; and such ex- 
pansion is likewise probably incapable of accounting for the total 
amount of flow. 

10. Water expansion in the wood, while it can readily account 
for the pressure, if confined, is probably not so closely confined, 
and at any rate is incapable of accounting for the volume of flow. 

11. The expansion of the wood can account for the pressure 
only when the sap is confined, and such complete confinement is 
highly improbable. It cannot account for the volume of flow. 

12. No combination of these theories can produce a sufficient 
explanation of both pressure and flow. 

13. Freezing is not capable of accounting for the phenomenon. 

14. The only theory so far advanced that can account for all 
the observed phenomena is the living-cell theory. This seems in 
most respects satisfactory. 

15. Living cells could produce pressure by contraction only 
when the outlet of the cell is unconnected with the chamber imme- 
diately around the contracting membrane. The structure of the 
cell renders this improbable, and besides, the delicacy of the proto- 
plasmic membrane precludes the formation of such high pressures 
by this means. 

16. Osmotic phenomena seem the only resource. Only by 
flow through the cell from one reservoir to another, due to the un- 
equal osmotic permeability at the two ends, does it seem possible 
to obtain pressure by this method. Osmosis in this way seems 
sufficient to account for even more than 9 kg. pressure. 

17. The pith-ray cells seem the only ones in the wood in posi- 
tion to fulfil the above requirements. 

18. The most probable explanation at present is that the pith- 
ray cells, stimulated by the rising temperature, become unequally 
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permeable thus setting up a current and accompanying pressure 
from the pith toward the bark. 

19. The maple type seems to differ from the birch type prin- 
cipally in the localization of the active cells mainly in the trunk, 
rather than in the root; and in the spasmodic action of these under 
certain stimulation. 

20. It is quite possible that careful research will show no such 
irritability in the butternut and other trees of this group as is found 
in the maple. 
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NOTES AND LITERATURE 
TEACHING 

McMorry's Special Method in Elementary Science^ is by far the 
most comprehensive treatment of the subject which has appeared in 
this country, and must prove extremely useful to the teacher in the 
public schools. The first half of the book treats of the aims and 
method of the teaching of elementary science, — the author at first 
makes a brave attempt to call it nature study, but throughout the 
greater part of the book caUs it science, — the second half oflfers 
model lessons and a very full list of topics for a graded course of study. 

Mr. McMurry insists that the topics shall come from the pupil's 
-close environment, — Professor Hodge has already suggested that a 
louse on a pupil's head might be used for an instructive lesson on 
vermin,^ and he has introduced as a new feature many topics dealing 
with the application of science to life. A study of the principles which 
govern the great inventions as well as our homely household appliances, 
<»n be made to appeal strongly to children. The author insists that 
a generation trained in the elementary problems of sanitation, physi- 
ology, and hygiene will not fall such an easy prey to the patent medicine 
frauds, «nd will back up boards of health in the fight for pure food 
and clean streets. 

Professor Jackman some time ago outlined a course of nature study 
in which topics from every field of physics, chemistry, astronomy, 
meteorology, physiography, and biology were coordinated. Mr. 
McMurryextends the field still further, so that the variety of subjects 
to be handled would, we should think, appal any but the most unusu- 
ally well trained teacher. It is a pity that the importance of the 
right method does not stand out more clearly. Many teachers will 
<!ontinue to convey information in many fields instead of training 
powers of reasoning in one. Mr. McMurry of course insists on the 
well known truths which should govern methods in science teaching, 
and often expresses his truths forcibly, but this book like all his 

* McMuny, Charles A. Special Method in Elementary Science for the Com- 
mon School. New York, The Macmillan Co., 1905. 12 mo, ix + 275 pp. 

455 



Digitized by 



Google 



456 THE AMERICAN NATURALIST [Vol. XL 

others suffers from an astonishing obscurity of style and unskilful 
presentation. The trail of the (Jerman "Pedagogik" is over it all. 

In the chapter on method the place of imagination in science 
teaching is discussed; "children, primary teachers and poets" are 
encouraged to use a certain amount of license. It is amusing in view 
of recent controversies to see Mr. Burroughs figure as an example of 
the imaginative school of nature students. 

There is a very full list of books which serve as an aid in science 
teaching. 

R. H. 



EVOLUTION 



Lotsy's Theories of Descent.^ — This book is a series of twenty-one 
lectures delivered to students at the University of Leyden and designed 
"to awaken a desire for the investigation of questions relating to 
th^ries of descent." This aim it is well adapted to fulfil. The 
scope of the book is wide, and the discussions, while necessarily not 
exhaustive, never fail to be stimulating and to give the reader a view 
in perspective of a large part of the field of evolutionary thought 
and investigation. This is true in particular of the newer aspects of 
evolution, concerning which most of all a book of this sort was needed. 

Lectures 1 and 2 are introductory in character. In them are dis- 
cussed the limitations of evolution, the fact that it cannot explain 
everything, the beginning of the universe being quite beyond its 
sphere. The relation of science to religion is discussed and the 
absence of any real conflict between the two is shown; the ultimate 
questions of being and of consciousness are found to be beyond solution 
either by science or by religion. Lecture 3 deals with the origin of 
the earth, the newly discovered transmutation of one element into 
another, the origin of life and the fact that among organisms as among 
the elements one form may give rise to another. The dependence of 
organic form upon two sets of factors is noted, one set internal, the 
other external. Lecture 4 is devoted to the external factors or **mor- 
phogenic stimuli," such as light, heat, pressure, chemical composition 

* Lotsy, J. P. Vorlesungen iiber Deszendenztheorien mil besonderer Beriick' 
sichiigung der botanischen Seiie der Frage, TeU I. Jena, Gustav Fischer^ 
1906. 8vo, xii + 384 pp., 2 pis., 124 text-figs. 
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of surrounding media, etc. Lecture 5 deals with adaptations and 
theories as to their origin, whether internal or external. Lectures 
6 to 11 are on heredity. Spencer's comparison of heredity to regen- 
eration of a broken crystal is shown to be incorrect by the fact of 
heteromorphosis among organisms. Nageli's idioplasm theory and 
Weismann's germ plasm theory are shown to have been important as 
forerunners of the still mor^ important ideas of de Vries, though all 
of these were anticipated in part by the work of Gregor Mendel. 
One of the lectures on heredity is devoted wholly to an exposition 
of Mendel's law (of alternative inheritance); another to variation 
curves, particularly to Galton's pioneer work in this field; another ta 
filial regression, under which head are discussed the divergent views 
of Galton and Johannsen on regression, and the part played by the 
ancestors in the laws of heredity of Galton and Mendel respectively. 
In the final lecture on heredity the nature of the gametes (sex-cells) is 
shown to be the crucial question with theories of heredity, since in 
the gametes are contained all the internal factors of form. The 
phenomena of atavism, reversion, and latent inheritance (cryptomery, 
Tschermak) here come up for consideration. 

Lecture 12 deals with the vexed question of the inheritance of ac- 
quired characters, which the author answers with a qualified affirm- 
ative; Lecture 13, with discontinuous variation as illustrated in the 
varieties of canary-birds, pigeons, and poultry, and among plants by 
numerous cases taken mostly from the works of de Vries and Kor- 
shinsky. Then follow two lectures devoted to the mutants of de 
Vries. In the next six lectures is given a historical survey of theories 
of evolution up to the time of Darwin, with a brief account of Darwin's 
life. In a subsequent volume the author proposes to discuss the Dar- 
winian theory and the post-Darwinian literature. 

The volume already issued is a marvel of prompt publication 
admirably done. The preface is dated September 1 1, 1905, and the 
plates contain half-tone illustrations made from photographs taken in 
September, 1905. Three months later the finished work is delivered 
in America, yet no evidence of haste is seen in the execution of the 
work; it is up to the usual standard of Fischer's publications, which 
statement in itself is sufficient praise. 

W. E. C. 
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EXPLORATION 

Scott's Voyage of the 'Discovery'.^— At the beginning of the 
seventeenth century, knowledge of the Antarctic regions was so meager 
that Quiros, a Portuguese favored by Pope Clement VIII, obtained 
permission from Phillip III, the King of Spain, to ** prosecute a voyage 
to annex the South Polar continent and to convert its inhabitants to 
the true faith." Quiros never reached the Antarctic Circle but since 
that time, the occasional visits of navigators have added slightly to 
our scanty knowledge of this distant part of the earth, although real 
scientific work did not begin until the middle of the eighteenth century, 
when, in 1773, James Cook, with two vessels especially fitted for 
exploration, first crossed the Antarctic Circle. About 1820, Bellings- 
hausen discovered the first known land (Peter Island) within the 
Antarctic Circle, and later in the century other expeditions touched 
4it various points of the Antarctic continent and brought back more 
or less fragmentary and imperfect accounts of that region. 

The last decade has seen great activity and interest in the investiga- 
tion of this area, so that in 1901 no less than three expeditions, work- 
ing in cooperation, were sent out to undertake a more exact study 
of the Antarctic seas and lands. The German expedition was led 
by Drygalski, the Swedish was in charge of Dr. O. Nordenskjold, 
while the third, under the auspices of the Royal (Jeographical Society 
of London was commanded by Captain Robert F. Scott, R. N. The 
two volumes here reviewed, present a straightforward narrative of 
the work of the English party as modestly told by Captain Scott 
himself. 

The preliminary chapters deal briefly with the previous explorations, 
the circumstances leading up to the organization of the expedition, 
the construction of the Discovery especially built for hard work in the 
ice, the equipment of the vessel, and the personnel of her oflScers and 
-crew. 

Sailing from England in July, 1901, the Discovery reached New 
Zealand in due course and on December 24, following, steered south 
for Victoria Land, the portion of the Antarctic continent assigned to 
this expedition for exploration. The remainder of the short polar 

* Scott, Robert F. The Voyage of the * Discovery.* New York and London, 
•Charles Scribner's Sons, 1905. 8vo, 2 vols., illus. $10.00. 
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summer was spent in a preliminary reconnaissance of the coastline 
and the final selection of a favorable wintering spot in McMurdo 
Sound to the southeast of the volcanoes Erebus and Terror. Much 
of the coast thus visited was practically unknown and new land was 
discovered to the west of the Great Ice Barrier and was named King 
Edward VII Land. It was also determined that the Ice Barrier at 
this point had receded since the time of Rosses visit in 1841-2, and 
that the volcanoes Erebus (active) and Terror are upon an island. 

In February, 1902, the Discovery anchored in the spot selected for 
winter quarters. Huts were erected on shore for the. magnetic in- 
struments and the routine of general scientific work was at once 
inaugurated. By the last of March, 1902, the vessel was frozen 
solidly into the ice, and throughout the Antarctic winter the scientific 
work was continued without interruption. By the first of November 
following, with the return of the sun, Captain Scott, Dr. E. A. Wilson, 
and Shackleton started on an extended sledge journey to the south. 
This party, traversing the surface of the Great Ice Barrier, foUowed 
south along the range of mountains that evidently represents the 
rugged coastline at this point, and after untold hardships returned 
at the end of three months having reached latitude 82® 16' SS^ S., 
the most southern point ever attained by human beings. At this 
turning place, a lofty mountain was seen to the southwest and named 
Mt. Markham (15,100 ft.) while other great ranges stretched away 
to the south-southeast. 

A second winter was spent in McMurdo Sound as the ice did not 
release the Discovery from its winter quarters. The little company 
was in good condition for the second season and the arrival of the 
relief ship Morning made it possible to recruit certain stores for 
another summer's work. This consisted chiefly in an expedition to 
the west to explore the Ferrar Glacier and the great tableland beyond 
which was found to rise for some 9000 feet. Over this inhospitable 
area Captain Scott and two other picked men made a remarkable 
journey on foot, and found it a "vast plain. . . . the most desolate 
region in the world," barren, deserted, windswept, and piercingly 
cold. The glacier and the Great Ice Barrier appear to be parts of 
the slowly receding outskirts of a polar ice cap that formerly was 
far more extensive. 

By February of the following year, the ice floe broke up and the 
Discovery^ in company with two relief ships, w^as enabled to return 
to New Zealand and thence home to England. 

In his closing chapters, Captain Scott makes a few general remarks 
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on the nature of the land masses, the ice, and the ocean currents of 
these seas, and the two appendices by Ferrar and Wilson respectively, 
give a brief account of the geology and of the larger vertebrates. The 
observations on the penguins are of particular interest. The breeding 
grounds of the Emperor Penguin were for the first time discovered 
and valuable observations on the breeding habits were made at Cape 
Crozier where a small rookery was found. With respect to the so 
called 'pouch' of this and the King Penguin in which the egg is said 
to be carried, Dr. Wilson writes: "We are agreed that the term 
'pouch' which has been used in this connection, is one which not 
only does not describe the matter, but is anatomically wrong and 
misleading. The single egg, or the chick, sits resting on the dorsum 
of the foot, wedged in between the legs and the lower abdomen; and 
over it falls a fold of heavily feathered skin, which is very loose, and 
can completely cover up and hide the egg or chick from view." This 
appearance is excellently shown in an accompanying photograph. 

Although the scientific results have not yet been fully published, it 
seems certain that they will be the most valuable hitherto obtained 
by any Antarctic expedition. 

The two handsome volumes of this work are well printed and 
abundantly illustrated with remarkably clear photographs as well as 
by numerous colored plates from sketches by Dr. Wilson. Two 
folding charts show in detail the coast of Victoria Land, the new land 
features discovered, and the routes taken in exploration. As a con- 
venient method of keeping the reader informed of the lapse of time 
during the course of the narrative, the month and year corresponding 
to the time of the incident related, are printed at the upper inside 
margin of each page. The narrative itself is of intense and absorbing 
interest to the naturalist and the general reader alike, and is re- 
commended to any who may be skeptical of the value of polar explor- 
ation. For in the author's own words : ''The voyage of the 'Discovery ' 
was not conducted in a spirit of pure adventure, but we strove to add, 
and succeeded in adding, something to the sum of human knowledge." 

G. M. A. 
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BOTANY 

Anther Dehiscence.^ — A study was begun in 1901 in connection 
with an article on the pollination of Solanum and Cassia, published 
in the Kansas University Science Bulletin^ and continued in 1903 in a 
thesis presented to the faculty of Washington University for the degree 
of doctor of philosophy. The author recognizes seven type^ of api- 
cally dehiscent anthers and designates them as araceous, gramineous, 
polygalaceous, ericaceous, dilleniaceous, Solanum-Cassia, and mela- 
stomataceous. First, these types are defined and the families and 
genera representative of each are indicated. Then there follows an 
account of the floral ecology of the forms, except of the first four types. 
Seven tables give the results of the arrangement of the data relating 
to the geographical distribution of the genera of the several types, 
and one shows the distribution of the flowering plants in general. 
Fourteen geographical regions are recognized, based on the floristic 
regions of Drude. The Tropical American Region shows a maxi- 
mimi of Phanerogamia, the Indian Region being second. 

The dilleniaceous, Solanum-Cassia, and melastomataceous types 
have the corolla, or at least the limb, widely patent, and the anthers 
basifixed and usually linear. 

In the dilleniaceous type the stamens are indefinite, the anthers 
usually elongate, the flowers usually actinomorphic and highly colored. 
To this type are assigned 16 genera belonging to 6 families: five genera 
of Dilleniaceffi, five of Eleeocarpaceffi, three of Ochnacece, one each of 
Theaceee, Bixacese, and Flacourtiacese. An Indian maximum is 
indicated for this type, the Tropical American and Australian Regions 
being next with the same number of genera; the Tropical American 
Region, however, shows more species than the Australian. As visi- 
tors there have been observed : bees — Xylocopa, Euglossa, Bombus, 
Apis, Melipona, Halictus, Centris, Podalirius; birds — a brush- 
tongued paroquet, Charmosyna, a honey-sucker, Myzomela; flies 
— Muscidffi. 

The Solanum-Cassia type differs from the dilleniaceous in the 
stamens being fewer and the filaments short. In this category fall 

^Harris, J. Arthur. "The Dehiscence of Anthers by Apical Pores." From 
the Sixteenth Annual Report of the Missouri Botanical Garden^ pp. 167-257, 
issued May 31, 1905. 
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59 genera belonging to 19 families, 6 of which are Monocotyledons. 
The Monocotyledons are: one genus of Mayacaceee, six of Rapa- 
teaceae, two of Commelinacere, one of Pontederiacese, five of Lili- 
aceae, four of Amaryllidaceee. The Dicotyledons are: one genus of 
Pittosporacese, nine of Leguminosse, three of Tremandracese, four of 
Sterculiacece, eleven of Ochnacese, two of Dipterocarpacese, one of 
Flacourtiaceee, sections of Begonia in Begoniaceee, sections of Ardisia 
in Myrsinaceae, one of Ix>ganiacese, two each of Gentianacese Solan- 
acese, and Rubiacese. The table for the Solanum-Cassia type shows 
a maximum for the Tropical American Region, with the Australian 
Region second. Genera of visitors observed on flowers of this type 
are ; bees — Osmia, Megachile, Ceratina, Xylocopa, Euglossa, Bom- 
bus, Apb, Trigona, Melipona, Halictus, Augochlora, Megacilissa, 
Melissodes, Podalirius, Centris, Oxsea; flies — Rhingia, Volucella; 
butterflies — Argynnis; birds — Mimus, Nectarinia, Chlorostilbon. 

The melastomataceous type differs from the preceding mainly in 
the long filaments and in both locules of the anther usually opening 
through a single pore. Of the 161 genera of Melastomataceae it 
includes all except 12, besides one genus of Leguminosae and two of 
Bixaceae. The Tropical American Region contains about 63 % of 
plants of the melastomataceous type, the Indian Region showing 
about 20 %. The observed visitors are: bees — Xylocopa, Bombus, 
Trigona, Halictus, Centris; flies — Syrphidae; beetles — Cetonia, 
Buprestis ; birds — Trochilidae. 

The table of genera of the three types shows a Tropical American 
maximum of about 57 %, and an Indian elevation of about 21 %. In 
Apidae the Tropical American Region is first, with 64 genera of bees, 
the Mediterranean-Oriental Region second, with 51, the Northern 
Re^on third, with 50. Table J shows the distribution of Hymenop- 
tera of all genera. K shows the relative abundance of genera of Apidae. 
Diagram L gives curves for the distribution of endemic genera of the 
apically dehiscent types, of the Phanerogamia, of the Apidae, and of 
all Hymenoptera. Diagram M shows the relative distribution of all 
genera of the same groups. 

These curves indicate a direct relationship between the geographical 
distribution of the Apidae and of the dilleniaceous, Solanum-Cassia, 
and melastomataceous floral types. 

C. Robertson 
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Freeman's Minnesota Plant Diseases.^ — Simplicity, attractive- 
ness, and full illustration are among the qualities of an ideal publica- 
tion on agricultural science if it is to reach the people without the 
intervention of a middle-man. These qualities are possessed by a 
recent book on the diseases of plants prepared by Professor Freeman 
under the direction of the (Jeological and Natural History Survey of 
Minnesota, — a State which spends large sums annually on the study 
of its native resources and limitations, but the Agricultural Experi- 
ment Station of which is said never to have employed a special plant 
pathologist. The treatment falls under three general heads: fungi 
and their Ufe history; economic applications; and diseases of plants. 
The book is likely to realize its author's hope of making the intelligent 
farmer who may read it an intelligent observer and assistant to the 
expert investigator. 

W. T. 

Ward's Flowers of English Trees and Shrubs.^ — This volume, 
the third in the author's work on trees, is devoted to a study of the 
flowers and inflorescences of the woody plants of England. It is 
essentially a book for the layman. It is to be recommended for its 
freedom from those grievous errors which so often characterize the 
"popular" books of a certain class of literary aspirants in this coun- 
try. The amateur student will receive all the aid and instruction he 
needs, while the technical student will find a large amount of vahiable 
material presented in a lucid and concise form. 

The first part of the book is general and is devoted to a study of 
the more common tj-pes of flowers and inflorescences. The reader 
is first introduced, by means of a few well chosen examples, to the 
typical inflorescences and then to their variations. There next fol- 
lows a treatment of the flower, its different parts, their nature and 
development. The general part of the book concludes with two 
chapters on the ecology of the flower. Naturally, these chapters 
concern themselves with the process of pollination and the characters 
of the flower which are correlated therewith. The entire material 
of Part I is admirably selected and lucidly set forth. 

The second part of the book is special and takes the form of a man- 

*Freeman, E. M. Minnesota Plant Diseases. — Report of the Survey, Botan- 
ical Series, v. St. Paul, published by the Regents of the University, July 31, 
1905. 8vo, xviii + 432 pp., 211 figs. 

^ Ward, H. Marshall. Trees, Vol. III. Flowers and Inflorescences. Cam- 
bridge, University Press, 1905. 12mo., 402 pp., 142 figs. 
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ual for the classification of the common English trees, based upon 
their flowers and inflorescences. The willows are treated separately 
in an appendix. Tables are there given for the classification of wil- 
lows when pistillate or staminate catkins are alone available. 

The book is concluded with a copious glossary which defines the 
technical terms necessarily used in a book of this sort. 

H. S. R. 

Notes. — Dr. Scott's Wilde lecture on the ** Early History of Seed- 
bearing Plants as Recorded in the Carboniferous Flora" is published, 
with illustrations, in vol. 49, part 3, of the Memoirs and Proceedings 
of the Manchester Literary and Philosophical Society. 

The classification of Monocotyledons is further discussed by Delpino 
in series 5, vol. 10, of the Memorie della R. Accademia delle Scienze of 
Bologna. 

A short illustrated note on the bark characters of trees, by Peet, 
is contained in The Country Calendar for November, 1905. 

An address on plant morphology and taxonomy, by Kraemer, is 
published in the American Jonmal of Pharmacy for September, 1905. 

A paper on contractile vacuoles and the frofliy structure of pro- 
toplasm, by Degen, forms Heft 9^11, Abteilung 1, of the Botanische 
Zeitung for 1905. ^ 

Lindemuth (Die Gartenwelt, Oct. 28, 1905) has propagated Rex 
begonias from the leaves with long petioles. The petiole strikes root 
from the base and produces a crown of leaves at the tip. The petiole 
undergoes no great modification in form or structure except to increase 
somewhat in size but it may function as the stem of the plant for a 
long period of time. 

The influence of color in floral ecology is analyzed in a paper by 
Delpino forming part of series 6, vol. 1, of the Memoire della R, Ac- 
cademia delle Scienze of Bologna. 

Studies on the composition and metabolism of apples, by Bigelow, 
Gore, and Howard, form Bulletin 94 of the Bureau of Chemistry, 
U. S. Department of Agriculture. 

The influence of environment upon the composition of the sugar beet 
is discussed by Wiley in Bulletin 95 of the Bureau of Chemistry, U. 
S. Department of Agriculture. 
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The variability of wheat varieties in resistance to toxic salts is the 
subject of Bulletin 79 of the Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture. 

A paper on the vitality of buried seeds, by Duvel, forms Bulletin 
S3 of^the Bureau of Plant Industry, U. S. Department of Agriculture. 

A mechanical study of thistle-down as a parachute is published by 
Dandeno in Science of November 3, 1905. 

Figures of some natural tree grafts are published by M. P. Wheeler 
in The Amei-ican Inventor for November. 

An analysis of the plant geography of Canada, by Drummond, 
appears in vol. 8, part 1, of the Transactions of the Canadian In- 
Mitute. 

Plants characterizing the life zones of Texas are listed by Bailey 
in North American Fauna, no. 25. 

The forest conditions of the Gila River Forest Reser\'e, N. M., are 
discussed by Rixon in Professional Paper 39 of the U. S. Geological 
Survey. 

A note on G. J. Graham and his Mexican collections of 1827-9 is 
published by Britten in The Journal of Botany for November. 

A popular account of Mexican vegetation, with instructive habit 
photograms, is published by Purpus in Moller's Deutsche Gdrtner- 
Zeitung of October 7. 

Five new Mexican flowering plants are described by Rose in no. 
1427 of the Proceedings of the U, S. National Museum ; a new mono- 
typic genus (Harperia) of Umbelliferfie and a new Zizia, from Georgia, 
are described by the same author in no. 1428 of the same publication, 
and Rose and House describe three Mexican violets (one new) in the 
succeeding no. 1429. 

Part 7 of Captain J. Donnell Smith's Enumeratio Plantarum Guate- 
malensium has recently been distributed by the author. 

The grasslands of the South Alaska coast are discussed by Piper in 
Bulletin 82 of the Bureau of Plant Industry, U. S. Department of 
Agriculture. . 

The relations of the floras of the Northern Atlantic, the Polar Sea, 
and the Northern Pacific are considered by Simmons in Bd. 19, Heft 1, 
of the second Abteilung of Beihefte zum botanischen Centralblatt, 
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De Wildeman has begun the publication, through the Government 
of the Etat Ind^pendant du Congo, of an illustrated enumeration of 
the plants collected by Laurent during his Congo mission of 1903-04. 

Important papers on Australasian botany are contained in current 
issues of Proceedings of the Linnean Society of New South Wales and 
the biological section of the Reports of the Australasian Association 
for the Advancement of Science, 

Ridley has papers on Gesneraceee of the Malay Peninsula, Aroids 
of Borneo, and New and Little-known Malayan Plants — II, in no. 
44 of the Journal of the Straits Branch of the Royal Asiatic Society y 
issued in July last. 

Cooke's Flora of the Presidency of Bombay, in vol. 2, part 2, issued 
in July last, reaches into the Verbcnacese. 

Schlotterbeck and Blome contribute a paper on the chemistry of 
Bocconia cordata to the Pharmaceutical Review for October, 1905. 

A morphological and anatomical study of Claytonia, by Holm, 
forms vol. 10, no. 2, of the Memoirs of the National Academy of Sciences. 

Britten publishes a note on Cliftonia in The Journal of Botany for 
October, 1905. 

Interesting statistics of the cotton production and valuation of the 
world are furnished by Watkins in Bulletin 34 of the Bureau of Sta- 
tistics, U. S. Department of Agriculture. 

An account of "Crataegus in Eastern Pennsylvania," distributed 
by Sargent on September 22 from the Proceedings of the Academy of 
Natural Sciences of Philadelphia for 1905, gives keys to the groups 
and species represented, of which latter 82, with 3 distinct varieties, 
are included, — 46 of the species being described as new. 

A paper on Opuntia, by Berger, is contained in Engler's Botanische 
Jahrbilcher of November 10, 1905. 

Tovmsendia wilcoxiana is figured in vol. 5, fascicle 3, of I cones 
Selectee Horti Thenensis, 

Antennaria neodioica gaspensis is a new form from eastern Quebec, 
described by Femald in The Ottawa Naturalist for November. 

Power and Barrowcliflf discuss the seed constituents of Hydnocarpus 
and Gynocardia in nos. 54 and 55, respectively, of the publications of 
the Wellcome Chemical Research Laboratories, of London. 
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An illustrated account of Solanum commersonii is contained in 
Gartenflora of September 1, 1905. 

A chemical analysis of Tecoma mollis, by Kebler and Seidell, fonns 
Circular 2^ of the Bureau of Chemistry, U. S. Department of Agri- 
culture. 

Illustrated articles on mangroves are contributed by J. A. Dimock 
and A. W. Dimock to Country Life in America for November, 1905. 

Warburg gives an account of Phthirusa and Strutanthus — the 
mistletoes of rubber — in Der Tropenpflanzer for November, 1905. 

Five additional species, and two varieties, are added to the hitherta 
monotypic genus Osmaronia by Greene in the concluding signature 
of PitUmia, vol. 5. 

Habit figures of Grammatophyllum speciosum, a giant orchid, are 
given by Ridley in the May number of the Agricultural Bulletin of the 
Straits and Federated Malay States, 

The somewhat aberrant nomenclature needs of orchid hybrids are 
discussed by Bohlmann in Die Gartenwelt of November 11, 1905. 

The Xanthosomas cultivated under the name Yautia form the sub- 
ject of Bulletin 6 of the Porto Rico Agricultural Experiment Station, 
issued in English and Spanish. 

No. 24 of Holm's "Studies in the Cyperacese," published in The 
American Journal of Science for September, 1905, deals with new or 
little known Carices from northwest America. 

A well illustrated monograph of the wild and cultivated grasses of 
Iowa, by Pammel, Ball, and Lamson-Scribner, forming part 2 of "The 
Grasses of Iowa," has been issued as a Supplementary Report of the 
Iowa Geological Survey, 

" Poa and its Commercial Fruit Characters" is the subject of Bulletin 
84 of the Bureau of Plant Industry, U. S. Department of Agricul- 
ture by Brown and Hillman. 

Cavendish reports, in The Indian Forester for August, that after 
an interval of some 30 years Dendrocalamus hamUionii has flowered 
throughout the Assam district in the wholesale fashion characteristic 
of the bamboos. 

The storage and germination of Zizahia seed is the subject of Bul- 
letin 90, part 1, of the Bureau of Plant Industry, U. S. Department 
of Agriculture. 
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A Spanish hybrid of Juniperus phamicea and J. communis is de- 
scribed by Cadeval y Diars in vol. 5, no. 12, of the current series of 
Memorias de In Real Academia de Ciencias y Artes de Barcelona. 

The third and concluding volume of Braithwaite's British Moss 
Flora has recently appeared from Reeve's of London. 

A new Index FUicum, by Christensen, is being issued in fascicles 
from the Hagerup press of Copenhagen. All of the pteridophyte 
names published from 1753 to 1905 are included, the treatment being 
much as in the Index Kewensis devoted to spermatophytes. 

An extensive paper on the anatomy of Acrostichum aureum is pub- 
lished by Ethel A. Thomas in The New Phytologist of October 25, 
1905. 

A new fern {Polysiichum krugit) from Porto Rico is described by 
Maxon in the Proceedings of the Biological Society of Washington for 
October 17, 1905. 

Laing contributes a revised hst of New Zealand seaweedsj and the 
first part of an account of the Ceramiacese of the island, to vol. 37 of 
the Transactions and Proceedings of the New Zealand Institute, — 
which contains numerous other botanical papers of interest. 

A series of 64 unusually good three-color plates illustrates Dump's 
Nouvel Atlas de Poche des Champignons Comestibles et V&iiineu^, 
recently published by Klincksieck of Paris. 

Publication no, 28 of the Bureau of Government Laboratories, Manila, 
-consists of papers by Copeland on " The Polypodiaceae of the Philip- 
pine Islands" and " New Species of Edible Philippine Fungi." 

Under the title Die Pilze von Tirol, Vorarlberg, und Lichtenstein, 
Magnus has published, through the Wagner press of Innsbruck, a 
volume of 716 pages containing an account of over 3500 species, with 
bibliography, notes on synonymy, habitat, etc. The very full indexes 
^lone occupy over 100 pages. 

A voluminous catalogue of the fungi of the I.rOW Countries, by the 
venerable Oudemans, constitutes vol. 12 of the second section of Ver- 
handelingen der Koninklijke Akademie van Wetenschappen of Amster- 
dam. 

An account of Norwegian Hymenomycetes, begun by Blytt and 
finished by Rostmp, has been separately issued from the Videnskabs- 
Selskabets Skrifter of Christiania, for 1904. 
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Guzm&n enumerates 40 Salvadorean oil plants, cultivated or wild, 
in vol. 2, no. 14, of the Anales del Museo Nacional of El Salvador. 

The destructive occurrence of Trametes pini in India is noted by 
Mayes in The Indian Forester for July, 1905. 

Mushroom-growing and tissue-culture spawn production are de- 
scribed by Duggar in Bulletin 85 of the Bureau of Plant Industry, 
U. S. Department of Agriculture. 

A twin specimen of Geaster jomicatus is figured in the Gardeners^ 
Chronicle of November 4, 1905. 

The nuclear and sexual phenomena of Phyllactinia and other 
mildews are described by Harper in the recently issued Publication 
no. 37 of the Carnegie Institution of Washington. 

A paper on the Monoblepharideffi, by Woronin, forms vol. 16, no. 4, 
of the M&moires de VAcadimie Imp&riak des Sciences de St. Peters- 
bourg. 

A note on the Tuberaceae of Portugal is published by Mattirolo in 
the Atti delta R. Accademia dei Lincei, Roma, of October 15, 1905. 

Uncinula conidiigena is the name of a new parasite of Populus 
iermuUiy described and figured by Cocconi in series 5, vol. 10, of the 
Memorie della R. Accademia delle Scienze of Bologna. 

Uromycladium is the name proposed by McAlpine for a genus of 
South Pacific leguminous rusts, related to Uromyces and Ravenelia, 
in Annates Mycotogici for August, 1905. 

The Japanese species of Uromyces on Sophora and Cladrastis are 
analyzed by Kusano in the (Tokyo) Botanical Magazine of August 
20, 1905. 

An account of endophytic adaptation shown by Erysiphe graminis 
under cultural conditions, is given by Salmon in vol. 198, series B, of 
the Philosophical Transactions of the Royal Society of London. 

Diachaa cytindrica, a new Pennsylvanian species, is described by 
Bilgram in the current volume of Proceedings of the Academy of Nat- 
tiral Sciences of Philadelphia. 

In a brochure recently issued from the Engelmann press of Leipzig, 
von Guttenberg considers the physiological anatomy of the galls pro- 
duced by fungi. 
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Wheat improvement is considered by Lyon, in bulletin 78 of the 
Bureau of Plant Industxy, U. S. Department of Agriculture. 

The well known odor of moldy straw and hay is ascribed to a Strep- 
tothrix' by Brocq-Rousseu in the Revue G&rUrale de Botaniqtie for 
October 15, 1905. 

Hedgcock, in Bulletin 90^ part 2^ of the Bureau of Plant Industry,. 
U. S. Department of Agriculture, differentiates the prevalent "crown 
gall" of apple trees into crown gall proper, and "hairy-root." The 
second is found not to be contagious, and the contagiousness of the 
first is not demonstrated. 

A paper on the indigenous calabashes of Mexico, the Ayotli of 
Hernandez, is published in vol. 1, no. 2, of the Armies de la Academia 
Mexicana, 

An illustrated article on Burbank and his work, by Honoria Tuomey,. 
is contained in Out West for September, 1905. 

Britten and Woodward have published some interesting corre- 
spondence concerning L'Heritier in recent numbers of The Journal 
of Botany. 

Another of Eraser's Catalogues — this for 1796 — is reprinted in 
The Journal of Botany for November, 1905. 

The recently issued 1904-05 Report of the Government Botanist 
for the Cape of Good Hope shows that the Cape herbarium now con- 
tains 44,189 sheets of specimens, of which 25,400 represent the Cape 
flora, — some 3000 of these being type sheets left by Harvey. 

A new publication of the Tiflis Botanical Garden has been begun,, 
under the title Moniteur du Jardin Botanique de Tiflis, 

A series of illustrated articles on the London botanical gardens 
is being published by Perr^d^s in current numbers of the American 
Journal of Pharmacy, 

A well illustrated account of the botanical garden at Buitenzorg is 
contributed by Ramaley to The Popular Science Monthly of November. 

The Carnegie Laboratory at Tucson is described by Wittmack in 
Gartenflora of October 15, 1905. 

An account of Dr. Kunze and his cactus collection, by Willey, is 
contained in The American Inventor for October, 1905. 
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Karasek gives an illustrated account of vegetation in the gardens 
of Gennan Africa, in the Wiener Uhistrierte Gartejizeitung for Novem- 
ber, 1905. 

The Journals. — The Botanical Gazette , September: — Blakeslee, 
■''Two Conidia-bearing Fungi"; Mottier, "The Development of the 
Heterotypic Chromosomes in Pollen Mother Cells"; Livingston, 
^'Relation of Transpiration to Growth in Wheat"; Arthur, "Rusts 
on Compositee from Mexico"; Shattuck, "A Morphological Study of 
Ulmus americana'' ; Billings, "Precursory Leaf-serrations of Ulmus"; 
Sheldon, "The Effect of Different Soils on the Development of the 
Carnation Rust." 

The Botanical Gazette, October: — McCallum, "Regeneration in 
Plants — II"; Brown, "A Botanical Survey of the Huron River 
Valley— III"; Lyon, "The Spore Coats of Selaginella"; Schneider, 
^'Contributions to the Biology of Rhizobia — V"; Eckerson, "The 
Physiological Constants of Plants Commonly used in American Botan- 
ical Laboratories — I"; Kraemer, "Further Obser\'ations on the 
Structure of the Starch Grain." 

The Botanical Gazette, November: — Peirce and Randolph, "Studies 
of Irritability in Algae"; Transeau, "The Bogs and Bog Flora of the 
Huron River Valley"; Ball, "Notes on North American Willows — 
I." 

The Bryologist, November: — Haynes, " Telaranea nematodes longi- 
Jolia*'; Sargent, "Lichenology for Beginners — IV"; Chamberlain, 
"Some Common Errors"; Hill, "Encalypta procera'*; Merrill, 
""Lichen Notes — I"; Holzinger, "A Note on Local Moss Distri- 
bution." 

Bulletin of the Tqrrey Botanical Club, September: — Harper, 
^'Phytogeographical Explorations in the Coastal Plain of Georgia 
in 1904"; Murrill, "The Polyporaceae of North America— XII, 
A Synopsis of the White and Bright Colored Pileate Species"; Mac- 
kenzie, " Onosmodium." 

Bulletin of the Torrey Botanical Club, October: — Cannon, "A 
New Method of Measuring the Transpiration of Plants in Place"; 
Harris, "The Fruit of Opuntia"; Abrams, "Studies on the Flora of 
Southern California"; Piper, **Agropyron tenerum and its Allies"; 
Cushman, "The Desmid Flora of Nantucket." 

The Fern Bulletin, July: — Clute, "Species and Varieties among 
the Ferns"; Gilbert, "Observations on North American Pterido- 
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phytes"; Clute, "A Walking Shield Fem''; Gilbert, "Some Mexi- 
can Femworts"; Terry, **More about the Ferns of Dorset"; Klugh,. 
*' Nephrodium Boottii or N, spinulosum X cristatum"; Eaton, 
^^ Botrychium bitematumJ' 

The Journal of Mycology, July: — Morgan, "A New Species of 
Kalmusia"; Morgan, **Peziza pubida"; Davis, "A New Species of 
Synchytrium"; Holway, "North American Salvia-Rusts"; Cleven- 
ger, "Notes on some North American PhyJIachoras"; Lawrence^ 
"Blackspot Canker and Blackspot Apple Rot"; Sumstine, ^'Gom- 
phidius rhodoxanthus once more"; Sherman, **The Host Plants of 
PanoBolus epimyces'^; Kellerman, "Notes from Mycological Litera- 
ture — XVI," and "Index to North American Mycology." 

Journal of the New York Botanical Garden, September: — Britton,. 
"A Lost Species of Begonia [B, rotundifolia] apparently Rediscovered" ;. 
HoUick, " Palaeobotanical Notes " ; MacDougal," Su warro or Saguaro." 

Milhlenbergia, vol. 1, no. 7: — Heller, "The Western Veratrums,"^ 
and "A New Linanthus." 

MUhlenbergm, vol. 2, no. 1, is occupied by an account of botanical 
exploration in California during 1905, by the editor, Mr. Heller. 

The Ohio Naturalist, November: — Surface, "Contribution to the 
Life History of Sanguinaria canadensis" ; Schaffner, "The Classifica- 
tion of Plants — 11 " ; Fischer, " An Abnormal Cone of Pinus laricio " ; 
Gleason, " Notes from the Ohio State Herbarium — IV." 

Appropriate space is devoted to botany in the Ontario Natural 
Science Bulletin, — the newly launched journal of the Wellington 
Field Naturalists' Club, of Guelph, Ontario. 

The Plant World, August: — Bessey, "How much Plant Pathology 
ought a Teacher of Botany to know?"; Reed, "A Brief History of 
Ecological Work in Botany (Conclusion)"; Nehrling, "An Indian 
Magnolia [Talauma hodgsoni] in America." 

The Plant World, September: — Atkinson, "Outlines for the Ob- 
servation of some of the more Common Fungi"; Lloyd, "The Barley 
Cone — I. Some Points of Structure"; Kinney, "Outline of a Course 
in Plant Culture." 

Rhodora, September: — Pease, "Notes on the Accentuation of 
Certain Generic Names"; Sargent, "Recently Recognized Species 
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of Crataegus in Eastern Canada and New England — VI"; Fernald, 
** Symphoricarpos racemosus and its Varieties in Eastern America"; 
Howe, ''Lotus tenuis as a Waif in Rhode Island"; Collins, "Phy- 
cological Notes of the late Isaac Holden — I." 

Rhodora, October: — Sanford, ''Eclipia alba in Mass."; Sargent, 
"Recently Recognized Species of Cratsegus in Eastern Canada and 
New England — VI (continued)"; Femald, "An Anomalous Alpine 
Willow"; Lewis, "Sclerolepis in N. H." 

The first volume of the Proceedings of the American Breeders^ As- 
sociation, containing an account of the St. Louis meeting of 1903 and 
the Champaign meeting of 1905, has recently been issued, and con- 
tains a large number of unusually practical and some theoretical 
articles on both animal and plant breeding. 

Torreya, September: — Greene, "Origin of Rhus bipinnata**; 
Harris, "New Fasciations"; Tidestrom, "Note on Botrychium vir- 
ginianum*'; Harper, "Some Large Specimens of Small Trees in Ga."; 
Clark, "Cotyledon- and Leaf-structure in Certain Ranunculacese"; 
House, ''Lespedeza velutina Bicknell a Homonym." 

Torreya, October: — Tidestrom, "Notes on the Gray Polypody"; 
Lloyd, "The Artificial Induction of Leaf Formation in the Ocotillo"; 
Berry, "An Old Swamp-Bottom"; Harper, *' Mesadenia lanceolata 
and its Allies." 

Zoe, August: — T. S. Brandegee, "A Collection of Mexican Plants" ; 
"Palms of Baja California"; "A New Calamintha"; "Plants from 
Sinaloa, Mexico"; Greenman, "New Species of Mexican Plants*'; 
Katharine Brandegee, "Notes on Cactese." 

{No. 473 was issued May 9, 1906) 
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